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Open one up. 

And feel your pulse 
accelerate. 50,000 logic gates 
on a single chip. Room enough 

to implement large macro- 
functions and build an entire 











Youll get there fast, too, 
using our proprietary LDS” 
Design System. Working at any 
of our 12 worldwide design 
centers. 

And youll get there safely. 










digital system. Thanks to our proven 97% 

_ All with our new ees irst-time hit rate. 
LCA 10000 Com- With manufac- 
pacted Array” Series. turing 1n our facilities. 

In theory, some- ~The best equipped 
where between a | tn the country. Geared 
gate array andacell- — to pump out all you 
based custom IC. need. From hundreds. 

In practice, Lea r0000Compacted Any TQ hundreds of thou- | 
it’s a flat-out accel- Mile Integration’ arealty. _ Sands. All thoroughly 
eration of our ASIC ae tested on our 256- 
technology. With pin system. 
advanced 1.5 micron, 2 Start yours today. 
dual-layer HCMOS Call one of our sales 
technology. And our offices listed below. 
Innovative variable ~ Because with 
routing tracks. our new Compacted 

For performance beens, Array Series driv- 
no mere gate array signal pins, ing your next design 
can touch. 0.7 nanosecond there's no telling how far 


propagation delay for a 2-input youll go. 


NAND gate. ECL-like speeds. 
Random Routing. VHSIC 
performance compatibility. — 
And more. 
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Don't let signal routing 
problems tie you up. 


voltage AC, and thermocouples 
(less than 1 microvolt thermal 
offset}. Altogether, you could 
run more than 100 channels 
through the System 600. 
Programming can be done 
either from the optional front 
panel, or via the GPIB interface. 





The typical test system has a So rather than get wrapped 
controller, one or more signal up building your own switcher, 
sources, measuring instru- why not switch your thinking 
ments, and a device under test. instead? For less than $2000 
But the real test comes when you could have a fully program- 
you try to connect them all mable 30-channel analog/digital 
together. system. Just call or write and 

Unless you have Wavetek’'s we'll give you the details. 
System 600 Signal Switcher. Wavetek San Diego, Inc., 


Then you just plug in the appro- 9045 Balboa Ave., P.O. Box 
priate modules and your system 85265, San Diego, CA 92138. 
is wired! | Tel. (619] 279-2200; TWX 
lt switches pulses, analog sig- 910-335-2007. 
nals, general purpose digital 
signals, even microwaves, high 
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DESIGN FEATURES 
Special Report: Diodes and rectifiers 126 


Today’s high-density systems demand low on-voltages, good thermal 
properties, and fast recovery characteristics from the diodes and 
rectifiers used in power-conversion and circuit-protection circuitry. 
Besides providing these advantages, recent diodes and rectifiers offer 
volumetrically efficient packaging. 


Instrumentation amp addresses 141 
power-miser circuit applications 

For many applications, designers are now demanding greater IC 
performance at lower supply-voltage and -current levels. One 
monolithic instrumentation amplifier can help satisfy these needs. It’s 
an easy-to-use, self-contained precision gain block that can address 


| 
On the cover: Modern, compact rectifi-  1Solation and other problems. 
| 
| 





ers outweigh their bulky predecessors when 


it comes to delivering high currents, low BOY ee ee 
leakage, and improved efficiency. See pg ECL tec “or Suits 153 


126. (Photo courtesy International high-sp eed logic > 
Rectifier) Because they drive low-impedance transmission lines directly, ECL 


circuits offer advantages over Schottky TTL circuits. By using ECL 
circuits in your high-speed systems, you can eliminate some of the 
time-delay and distortion problems inherent in such systems. 


| Single-chip, 2-port RAM controller 165 

| saves board space | | 

| : A compact, single-chip, dual-port RAM controller can help proces- 
sors with different architectures share memory blocks of any size. 


Software links math chip 175 
to 68000-family Ps 

Emulating the MC68020 pP’s special coprocessor instructions gives 
you two ways to link an MC68881 math chip and 16-bit 68000- 
family CPUs. You use macros to insert coded routines in your pro- 
gram, or you use a trap routine that detects and emulates serial math 
op codes. 


Designer’s Guide to: © 195 
Floating-point processing—Part 2 

Powerful math-processing chips configured with high-speed 
memories and controllers form the core of a floating-point math or 
array processor for small computers. This second part of EDN’s 3-part 
floating-point math series discusses the tradeoffs you must make to 
add flexibility and speed to array-processor designs. 


Continued on page 7 
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Superior performance now runs 


inthe family. 





DMM in its class. Like the 8842A, it’s simple 
to operate. It gives you long-term reliability. 
And it delivers high productivity with a low 
overall cost of ownership. 


Choose either model for under $1,000. 
The 8840A starts at $760, the 8842A at 
$995. With inexpensive IEEE-488 and true 
RMS AC options available for both models. 
Which one is right for you? The choice may 
not be easy. 
But at least now, it's a family decision. 


Introducing the 
8842A digital multimeter. 
Choices. Choices. 
Should you choose the powerful Fluke 
8840A? Or the new, advanced 8842A? 
Depending on the level of performance you 
need, consider this: 


Enhanced capabilities for new 
applications. 
The new 8842A is so technologically 


superior, it can outperform DMMs costing 
twice as much. Its capabilities include 0.003% 
]-year basic accuracy and 100 nV resolution 
for dc voltage measurements. And it incorpo- 
rates exclusive new thin film resistors* for 
a two-year calibration cycle. 

The widely-accepted 8840A on the other 
hand, offers value unmatched by any other 


Call toll-free 1-800-44-FLUKE 
(1-800-443-5853) Ask for extension 118. 
Talk to our sales engineers about the 


* Patent pending 


IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mig. Co., Inc., P.0. Box C9090, M/S 250C, Everett, WA 98206, Sales: (206) 356-5400, Other: (206) 347-6100. 
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8840A and the new 8842A. Take advantage of 
our no-risk 15-day trial period. 


FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 


FLUKE 8840A 


FLUKE 8842A 





0.005% basic de accuracy (1 Yr.) 
0.16%-basic ac accuracy (1 Yr.) 
0.013% basic ohms accuracy (1 Yr.) 
Resolution to 1uV de, 102A de, ma 
One-year specifications and warranty 
8840A $760 
8840A-05 IEEE-488 Interface $150 
8840A-09 TRMS AC option $185 























0.003% basic dc accuracy (1 Yr.) 
0.08% basic ac accuracy (1 Yr.) 
0.008% basic ohms accuracy (1 Yr.) 
Resolution to 100nV de, 142A de, 1004.0 
Two-year specifications and warranty 
8842A $995 
8842A-05 IEEE-488 Interface $150 
8842A-09 TRMS AC option $250 
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EUROPEAN HEADQUARTERS: Fluke (Holland) B.V., P.O. Box 2269, 5600 CG Eindhoven, The Netherlands, (040) 458045, TLX: 51846. 


© Copyright 1985 John Fluke Mfg. Co., Inc. 


CIRCLE NO 10 


All rights reserved. Ad No. 2801-8842 


EDN January 23, 1986 


N 





Continued from page 5 January 23, 1986 





TECHNOLOGY UPDATE 


Semicustom ICs for military use 3 59 
meet rigid reliability specs 
Recognizing the lucrative and stable military market, semicustom-IC 


vendors offer digital arrays, linear arrays, and standard-cell ICs that can 
meet MIL-STD-883C reliability standards. 


Ruggedized IBM PCs and compatibles 79 
serve in low-cost industrial systems 


If you’re designing a compact computer system for use in harsh 1n- 
dustrial environments, consider basing your system on the IBM 
PC/XT, PC/AT, or a compatible machine or CPU board. 


Serial datacomm driver/receiver ICs furnish 93 
higher data rates, lower power consumption 

Ruggedized IBM PC-compatible com- Line drivers and receivers for RS-232C lines are falling in cost, and 
puters can prove cost effective n indust- an are now being fabricated in CMOS to meet demands for higher 


al applications; such hardware 1s less ex- rf dl as ® Hee cocleey ded 
pensive than minicomputer hardware, performance and lower power consumption In standard, single-ended, 


and system development time can be rela- serial data terminal equipment. 








tively short (pg 79). 

PRODUCT UPDATE 

Switched-capacitor lowpass-filter IC 107 
Monolithic quad matched-transistor array 110 
Successive-approximation A/D converter 112 
One-chip unity-gain difference amplifier 114 
ROM.-based OS 116 
Stainless-steel keyboards | 119 





Whether you plan a implement 


RS-232C communications links or ones DESIGN IDE AS 


based on RS-422 or -485 specs, you'll 


find a variety of chips that can simplify Converters yield droop-free S/H circuit 207 
your design tasks (pg 93). Enhance the 8214 interrupt controller 208 
Serial pulses control analog multiplexer 210 
Divider produces symmetrical output 212 
Program returns D/A input for new gain 214 


Continued on page 9 
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New tools to make 





your designs fly sooner! 


Get your military avionics designs to market faster with 
HP’s F9450 emulator and multi-emulation capability. 


When you’re fighting the clock in military avionics 
system development, deploy HP emulation products. 

Our new F9450 emulator can really speed your devel- 
opment along. 

By combining our new F9450 emulator with the 
HP 64000 development system and exclusive HP real- 
time software analyzers, you'll have powerful devel- 
opment tools to help you stay on schedule. And maintain 
high standards of product quality. 

You can even link our F9450 emulator with other HP 
emulators, to support your multiprocessor designs. 

Designing for digital signal processing or communica- 
tions? You’ll really appreciate our new 
TMS 32010 emulator. 















Aerospace? We’ve got you covered with the new HP 64276 
bit-slice Microprogram Development Subsystem. 
And that’s just the beginning. 

Only HP offers you a wide choice of high-performance 
emulator products, plus the systems, tools, and technical 
support you need at each step of the hardware and soft- 
ware development process— from inception to completion. 
So the entire process runs smoother. 

Why wait? Make your designs fly sooner, starting today. 
For more information, call the HP sales office nearest you listed 
in the telephone directory white pages. Ask for the electronic 
instruments department. Or call us at 1-800-447-3282 
(in Colorado call 1-590-3340 collect) for information on 
our new emulators. 
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EDITORIAL | olde 


The hottest developments in local-area networks are taking place in 
factories, not offices. Once again, electronics suppliers are discovering 
that they must supply what the marketplace wants, not what they 
think it needs. 
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WE THINK YOUR CAREER 
NEEDS SOME CLOSE ATTENTION. 





That's why we've created EDN Career News. It’s the one 
publication focused entirely on the career concerns of 
electronics engineers. And it's the added source you need tofind 
new career opportunities. 


EDN Career News expands EDN’s career coverage with the same 
first-rate editorial that’s made EDN first among electronics 
engineering publications. Career News looks at the legal and 
government-related issues affecting the electronics industry. And 


at personal growth issues to helo you reach your professional 
potential. 


Join the 300,000 electronics engineers and engineering 
managers who pay attention to EDN Career News each monin. It 
will make a difference in your career. 


atk 





For Professional Growth and Development 


Roberta Renard, National Sales Manager 
475 Park Avenue South, New York, N.Y. 10016 (212) 576-8045 


Cahners Publishing Company 
e Publishers of 35 specialized business magazines in Building & Cansei: 
e Electronics & Computers ¢ Foodservice « Manufacturing ¢ Medical/Health Care 
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THE MCT 80000. 


THE SMALLEST SOLUTION TOA 
DESIGNERS BIGGEST PROBLEM. 


The MCT80000 heralds a totally new single package @ Full Dual-Redundancy 
generation of MIL‘STD-1553B interface @ Fully programmable flexibility for non-standard 
products from Marconi Microsystems. applications @ 16 Bit|/o @ Optional Integral 

Based upon MEDLs recently announced 2K Word RAM @lllegalisation of Any Mode 
MA805 single-chip RT interface, this powerful Code or Subaddress @ Continuous Self Test 


new family of devices provides a range of @ Latched Command and Word Count outputs. 
complete implementations with size and 


reer : . = 
flexibility to meet almost any applications —- Marcon! 


constraint. : 
Features: @ Transceivers, encoding/ Microsystems 


decoding, protocol and subsystem handling in A DIVISION OF MARCONI ELECTRONIC DEVICES LTD. 
Marconi Microsystems, The Railway Triangle, Walton Road, 


CIRCLE NO 168 Farlington, Portsmouth PO6 ITN. U.K. Tel: 0705-321654. 


Germany: Marconi Elektronik, Tel 069 632001. Italy: Technitron, Tel 06 8395841. Japan: Rikei Grp, Tel 33451411. Netherlands: Manudax, lel 41 398911. 
Norway: Rifa, Tel 02 650190. Spain: Cresa, Tel 242 0987. Sweden: Specma, Tel 3145 0360. Switzerland: Schiesser, Tel 056 271127. 
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National Announces 
The New LAN Standard. 
Ether/Or 


Our new LAN interface meets the IEEE 802.3 
Ethernet and Cheapernet standards. 
The first to meet all the specs, all the functions. 


Adding a local area network interface to a Easy to Glue Together 
low-end workstation or peripheral used to be out To complete a LAN interface, this new chip 
_of the question. Too costly. Too complicated. set needs only a few additional components. The 
And too constricting coax transceiver, for example, requires just one 


when standards DP8390 
























, Fesistor, plus signal and power isolation. The 


were still being Network serial interface utilizes a patented digital 
debated. Interface phase lock loop design that eliminates the 
Butwith —- Controller need for precision analog components. 
National’s complete Uses —_— | r BQ . __ And the controller chip itself 
three chip LAN set, _ é 12 incorporates two 16-bit DMA 
all that'schanged. 4. ang 7 hi: nnels and buffer memory 
It integrates the _ 00h . management func- 
functions you ne tions, which reduce 
to meet the high- the network interfacing 
pee Re : tasks of the host CPU. 
the L 
standard — even ta _ ; a Making 
1-million-hou Ze EA 3 | the Right 
for the transcei “Interface Connections 
Yet it shrinks _ Uses, The potential 
total boardspace isolated oe of the LAN 
——_ process for )1 : 
ae : a Uses high-speed 0: — and 7 market is now 
square inches. isolated bipolar proce E umretabiit, —“Teady tobe tapped. 
And cuts parts for fast signal lock-on By someone. And 
costs to a fraction we've made it easy for that someone to be you. 
of what they were with discrete ICs. —_OurnewLAN chip set evaluation board is now 
/ available. It plugs directly into an IBM PC or PC 
No Longer an Ether /Or Question compatible, and gives you a complete diagnostic 
Our new chip set gives you the flexibility of environment for evaluating the full potential 
offering Cheapernet protocols too. Cheapernet of these chips. So you can see for yourself what a 
uses lower-cost cable and connectors, and is powerful — and cost-effective — solution they 
easy to install. So your cost per connectioncanbe —_can provide for your design needs. And all for only 
driven down to roughly half that of Ethernet. Yet $479 per board. For additional information and 
you don't have to trade off : samples, or to order your own 
National evaluation board, just call 


Ethernet’s fast 10-megabit- , 
per-second transfer rate. Jn Semiconductor your local National office. 


Corporation 





MS/23-200, P.O. Box 58090, 2900 Semiconductor Drive, Santa Clara, CA 95052-8090 (408) 721-3850 
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Finally, a logic analyzer and a dual-channel scope 


uickly unravel tough digital/ 


new two-in-one powerhouse 


The new HP 1631A/D Logic Analyzer is the first 
commercially available instrument to combine a full- 
featured logic analyzer with an advanced 200 Mega- 
sample/second dual-channel general purpose digitizing 
oscilloscope — both in the same functional package. Now 
the logic designer’s two most important diagnostic tools 
are available simultaneously, allowing sophisticated cross- 
domain (logic vs. analog) analysis. Capture analog wave- 
forms based on digital states or timing relationships and 
then view both logic patterns and analog signals simul- 
taneously on the same screen. Absolute time correla- 
tion between logic and scope traces lets you analyze tim- 
ing patterns based on an analog event. The result is a 
powerhouse combination of instrument capability and 
price/performance that far surpasses any previously 
available solution, plus it’s HP-IB programmable. 


Logic analysis in the HP tradition. 


The HP 1631A/D gives you complete logic analysis 
— In today’s 16-bit environments. Its 100 MHz timing ana- 


lyzer section gives you up to 16 channels of simultaneous 
acquisition. You can set the HP 1631A/D to capture single 
shot, cumulative mode, or even continue acquisition un- 
til your special conditions are met, for fully automatic 
“babysitting”. Extensive pattern triggering and trigger 
qualification capabilities further extend your diagnostic 
horizons. The HP 1631A/D also includes a wide array of 
real-time processing and post-processing options such as 
mean and standard, min/max, state indexing and storage, 
and software performance analysis histograms. 


A 200 Megasample/second scope for 
powerful cross-domain analysis. 


Impressive as the HP 1631A/D’s logic analysis cre- 
dentials are, you begin to feel its true power when you 
combine its logic analysis capabilities with its built-in 
200 Megasample/second 50 MHz bandwidth digitizing 
oscilloscope. You can quickly and easily measure total 
hardware performance — the effectiveness of digital 
hardware execution and the correct analog parametric 





in one package...the new HP 1631 A/D. 


analog interactions with this 
logic analyzer. 





results. In fact, you can now make many measurements 
that simply were impossible before. For example, now, 
in one instrument, you can examine digital system per- 
formance at the global level (system performance analy- 
sis), the functional level (state and timing analysis), and 
the parametric level (analog waveform analysis). All with 
the same powerful, yet easy-to-use instrument. 


Easy peripheral expansion via HP-IB. 


The new HP 1631A/D is a fully digitally-based, 
HP-IB compatible instrument. You can, for example, 
connect a single or dual disc drive for offline storage 
of test data and waveforms (the HP 9121D is shown, at 
$1270*). For easy permanent records of test data to 


DESIGNED FOR 


S HP-IB 


SYSTEMS 


HP-IB: Not just IEEE-488, but the 
hardware, documentation and 
support that delivers the shortest 
path to a measurement system.- 


1631D | 


include in reports, you can attach the new HP 2225A 
Thinkjet® printer ($495*). 
Call HP today. 1-800-835-55777** 


Call between 8:30 a.m.— 5:00 p.m. MDT for more 
information on the HP 1631A ($11,000*) or the HP 1631D 
($13,000*). Or contact your local HP sales office listed 
in the telephone directory white pages. Ask for the © 
electronic instruments department. 
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_ Disc Drive / 
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The Winds of Change 


Successful companies recognize them. 
The most successful generate them. 


Hybrid Systems: for over 20 years, we 
have worked closely with Design Engineers 
to generate change in the most demanding 
areas of high technology. Anticipating 
the needs of industry, we have created 
significant breakthroughs in precision data 
converters and data acquisition systems 
including the first 18—bit hybrid D/A 
converter, the first true 16-bit hybrid A/D 
converter, and the industry's smallest 12-bit, 
multi-channel data acquisition system. 
These innovations, and many more, have 
helped our customers transform their 
advanced ideas into impressive techno- 
logical realities. 


Today, as the close partnership between 
companies and their suppliers becomes _ 
increasingly critical to the development of 
tomorrow’ state-of-the-art, Hybrid Systems 
expands its role as a driving force for change 
with the introduction of flash converters 
and other monolithic devices, 
plus high-speed hybrid 
components featur- 
ing the same work- 
manship, reliability, and 
attention to customer 
requirements that have earned us the trust 
of Design Engineers throughout the world. 









Hybrid Systems. We bring a new era of 
technology, performance, and responsive- 
ness to your design engineering challenges. 


Call or write for our new 1986 Product 
Catalog. 


ee SE 
es 


Please send information, Circle 8 





Have a salesperson call, Circle 47 


Hybrid Systems 


CORPORATION 
22 Linnell Circle, Billerica, MA 01821 617-667-8700 
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we develope 





lot of firsts. 


Firsts that will keep your Stag 
PPZ Universal Programmer from 
becoming obsolete in a few 
weeks... a few months... a 
few years. 

Firsts like: 


e Completely self-contained 
software control modules 
with proven programs for 
all programmable technol- 
ogies including PAL’s, 
IFLs, and Micros, as well 
as bipolar and MOS 
PROMs and others 


e 512K bits of memory, 
expandable to 64M bits 


e Integral CRT with “super 
menu” techniques for fast, 
easy operation 


e A light pen for dramatically 
simple interactive editing 
and programming 


e Boolean entry support 
(BRAL™) for PALs and IFLs 


e Two RS232C, an IEEE-488, 
and a parallel port to inter- 
face with any development 
system 


And a whole lot more to 
ensure that your PPZ will be 
valuable to you 


=" Brag 


Moving Quickly to Become 


CIRCLE NO 15 








We were the first to introduce 
software-controlled program- 
mers way back in 1973. 
And the first to program 
PALs and IFLs with a 
universal programmer. 
For more firsts that are moving 
Stag from #2 to Data I/ O’s #1 
position, call or write us today. 
Stag Microsystems, Inc. 
528-5 Weddell Drive, 
Sunnyvale, CA 94086 
(408) 745-1991 
TELEX: 910-339-9607 


®copyright Stag Microsystems, Inc. 


PAL is a registered trademark of 
Monolithic Memories, Inc. 


BRAL is a registered trademark of 
Stag Microsystems, Inc. 
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~ NEWS BREAKS 


October 3, 1985, issue of EDN as the AMMPAS52@5. All arrays offer three speed-power 
options for their gates, the fastest of which specs 0.6-nsec worst-case switching time. 


In addition to 5000 gates, the Am3500B and Am3550 include as many as 154 and 
124 I/O cells, respectively. You can configure each of the I/O cells on the AM3550 to 
operate with pseudo-ECL (5V reference), true-ECL (—5.2 and 5V reference), or TTL 
signals. The true-ECL cells can also operate from —4.5 and SV supplies. 








To put your design on an Am350O0O Series array, you create a net list and 
perform simulation using a commercially available workstation and the Texsim logic 
simulator. Advanced Micro Devices verifies your net list and performs physical 
design.—David Smith 


DEGBUG HARDWARE, SOFTWARE SUPPORTS PROTECTED-MODE SOFTWARE 


The AT Probe from Atron (Saratoga, CA, (408) 741-5900) lets you debug software writ- 
ten for 80286- and 80886-based PCs that directly address more than 640k bytes of 
memory. AT Probe provides standard hardware-assisted debugging features, including 
- real-time trace; the protected-mode software package creates an environment that tog- 
gles between real-address and protected modes to handle development work. The soft- 
ware provides easy access to descriptor tables for the data structures to allow you to 
check and change data. The basic AT Probe costs $2495; the protected-mode software 
package costs $975.—Ed Teja 


COLOR-PALETTE IC INCLUDES ON-CHIP D/A CONVERTERS 


Allowing you to directly drive the red, green, and blue signals of a 750 video monitor 
via three 4-bit video D/A converters, the TMS34070 color- palette chip from Texas 
Instruments (Dallas, TX, (800) 232-3200) provides 16 colors per line in color bit- 
mapped display systems. You load the 4096-color palette directly from memory 
without processor intervention. Encased in a 22-pin, 400-mil plastic DIP, the chip 
offers a color look-up table that you can change on a line-by-line basis, video-speed D/A 
converters, two-to-one data multiplexing, automatic color-fill, and a vertical or 
horizontal color-retrace feature. Separate 5V power pins are provided for the analog 
and digital portions of the chip. The device operates at 56 MHz to control a matrix as 
large as 800x600 noninterlaced pixels; it costs $24 (100). You can also order a 20-MHz 
version, the TMS34070L-20, for $16.40 (100).—J D Mosley 


SEMINAR WILL COVER DSP THEORY AND APPLICATIONS 


A 4-day seminar entitled “Digital Signal Processing and Programmable Single-Chip 
DSP Processors—Theory, Design, and Applications” will be held on February 24 to 27 
at the Royal Sonesta Hotel in Cambridge, MA. Along with discussions on such topics as 
digital signal processing and digital filter design, engineers and university professors 
will detail Texas Instruments’ TMS38010 and 38080, Fujitsu’s MB8764, NEC’s 
uPD7720 and second-generation DSP processor, National’s LM32900, Fairchild’s PDF, 
and Kurzweil SC’s KSC2408. 


The $950 registration fee includes the book, Digital Filters and Signal Processing, as 
well as course notes, data sheets, and user manuals; a 10% discount is available to 
companies sending three or more people. The seminar will also be held on March 24 to 
ev at Rickey’s Hyatt House in Palo Alto, CA. For more information, contact Amnon 
Aliphas at DSP Associates, 18 Peregrine Rd, Newton Centre, MA 02159; phone (617) 
964-3817 —Joan Morrow 
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Sasconseonersterice 


TRW LSI Products Division, the industry 
leader in high performance DSP products, 
has advanced the state-of-the-art in CMOS 
technology with the development of its 
OMICRON-C;" one-micron CMOS 
process. 


TRW’s OMICRON-C represents a major 
breakthrough in CMOS manufacturing — 
producing one-micron CMOS ina bulk 
process.The challenge was to achieve the 
extremely advantageous CMOS combina- 
tion of very high speed/low power, while 
improving latch-up immunity, a common 
problem to standard CMOS bulk process. 
TRW accomplished this by employing a 
retrograde p-well formation which per- 
mits shallower profiles and allows higher 
packing densities. Due to reductions in 
parasitic npn current gain, this technol- 
ogy controls the risk of latch-up far better 
than standard bulk process for the same 
geometry. 


With TRW’s OMICRON-C process, high 
volumes of quality chips can be produced at 
a competitive cost. This makes one-micron 
CMOS a feasible technology producing 





faster, cooler, more cost effective products 
in the future — but the future is now. 


TRW LSI introduces the first commer- 
cially available chip utilizing one-micron 
CMOS technology — the TMC2110 multi- 
plier-accumulator. It is a direct replace- 
ment for TRW ss industry standard bipolar 
TDC1010 and can be used without circuit 
modification. The TMC2110 represents 
as much as a 2:1 increase in speed over 
previously available multiplier-accumula- 
tors, dissipates almost-zero static power 
associated with CMOS, but with total 
immunity to latch-up. Just look at these 
key features: 

¢ 16-bit parallel multiplication with accu- 
mulation to 35 bits * 10Ons multiply- 
accumulate time * Selectable accumulation, 
subtraction, rounding and preloading 

¢ Two’s complement or unsigned magni- 
tude operation * Single 5V power supply. 


The TMC2110 is ideal for such high-speed, 
low-power applications as mini/microcom- 
puter accelerators, array, video, radar 
signal and FFT processors. Available off 
the shelf through Arrow Electronics, 





Hall-Mark and Hamilton/ Avnet. 


Remember, you always get 
FULL SPEC PERFORMANCE 
from TRW LSI. 


To learn more about our OMICRON-C 
breakthrough, one-micron CMOS pro- 
cess or to receive a TMC2110 data sheet, 
just call or write our Literature Service 
Department: 


LSI Products Division, 


TRW Electronic Components Group, 
P.O. Box 2472, La Jolla, CA 92038, 
619.457.1000 


©TRW Inc. 1985 — TRS-5102 


LSI Products Division 
TRW Electronic Components Group 





NEWS BREAKS: INTERNATIONAL 


BY PETER HAROLD 


CARD LINKS MULTIBUS II SYSTEMS TO LOW-COST I/O BOARDS 


Providing a link between Multibus II and the company’s Z80-based Eurolog-bus, the 
MB2/LNK-1 board from Furrer-Gloor AG (Dietikon, Switzerland, TLX 58277) enables 
you to integrate low-cost, 8-bit industrial I/O into Multibus II systems. The link board 
provides 16k to 64k bytes of dual-ported RAM through which you can pass data and 
interrupt messages between the parallel system bus (iPSB) of Multibus II and the 
Hurolog-bus. 

On the iPSB side, the board supports 8- and 16-bit data transfers, with the memory 
address of the dual-port RAM configured through interconnect space during system 
initialization. Interrupt messages received from the Multibus II system are converted 
into Z80 vectored interrupts on the Eurolog-bus, with the Multibus IT interrupt source 
address readable from an interface register. The board, which costs approximately 
Sw fr 2000, will be available in June. 


VME BUS BUBBLE MEMORY USES SCSI COMMANDS FOR ACCESS 


The PME-BBl1 VME Bus bubble memory from Plessey Microsystems (Towcester, UK, 
TLX 31628) provides as much as 17M bytes of nonvolatile storage with an average ac- 
cess time of 11 msec (16 msec max) per 256-byte page. Furnishing a 1M-byte master 
card coupled to as many as eight 2M-byte slave cards via the Pe connectors, the system 
uses standard SCSI-type command blocks to access the data. Data is buffered into dual- 
port RAM on the master card and transferred over the VME Bus using an onboard 
DMA controller. You can perform 8- or 16-bit data transfers to acheive a VME Bus data 
rate as high as 2.6M bytes/sec for read operations or 3.6M bytes/sec for write opera- 
tions. The master card costs approximately £3000; each slave card costs around £3500. 


DISK CONTROLLER AND COMMUNICATIONS CARDS AVAILABLE TO OEMs 


The intelligent disk and communication controller cards from Integrated Micro 
Products (Consett, UK, TLX 53489), which are used in the recently announced Unix- 
based Mentor microcomputer, are now available to OEMs. Designed for use on the VME 
Bus, the CT-68VIDC intelligent disk controller and the CT-68VICP intelligent communi- 
cations card both have onboard 68000 pPs. The disk controller has an onboard DMA 
controller, a disk-cache buffer of as much as 512k bytes (or 2M bytes with an addition- 
al daughter board), and a SCSI Bus interface to support multiple Winchester disk, 
floppy-disk, or tape drives. The communications controller card also includes a dual- 
port RAM data buffer and provides 16 asynchronous serial I/O ports and 57 parallel 
I/O lines. Both boards sell for around $2000 each. : 


DSP CHIPS EXTEND DIGITAL-TV CAPABILITIES 


Additions to the Digit-2000 digital-TV chip set from ITT-Intermetall (Freiburg, West 
Germany, TLX 772715) include a picture-in-picture processor, a double scan processor, 
and a video memory controller. The PIP-8250 picture-in-picture processor requires 
only two standard 16k x4 dynamic RAMs to allow you to overlay the main TV picture 
with a second one-third-size image and display it in one of four screen positions. 
The VMC-2260 video memory controller stores an entire picture frame in standard 
64k x4 dynamic RAMs and provides freeze-frame, multiple picture-in-picture, and 
zoom capabilities, plus the ability to eliminate picture flicker by doubling the TV’s ver- 
tical scan frequency. For the high-bandwidth color monitors required for teletext or 
computer display, where vertical scan frequency doubling is not suitable, the 
RGB-2935e2 double scan processor allows you to eliminate screen flicker by doubling the 
horizontal scan frequency of the RGB signals. 
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The Past. Nicolet digital oscilloscopes can record 

the history of your signal before the trigger point. 

Examine what preceded an event as well as the event 

itself. Use expansion to analyze the signal in detail 

at up to 100 times the resolution of an analog scope. 

Store the signals on floppy disk or bubble memory for 
future recall and reference. Or plot 


them out in report ready format. 
The Present. Compare live signals 
aes with each other or with previously 


stored signals. Store any signal with 
the touch of a button and use voltage and time numeric 
display for exact comparisons. You can even display 
related signals as functions of each other instead of 
time. Manipulate waveforms using the scope’s built-in 
programs or transmit them to a computer and back 
for display. 





The Future. Expecting a transient? Set-up your 
Nicolet scope to capture it while you’re away! Some 
models can even capture a sequence of events and store 
them on disk or bubble memory automatically ready 
for instant recall and display. 


Get Results First Time, Everytime. Don’t 
miss important data because of set-up error. Nicolet 
scopes are easy to use. Find out how they can be the 
quickest solution to your signal problems. For more 
information, write Nicolet Oscilloscope Division, 5225 
Verona Road, Madison, WI 53711. Or call 608/273-5008. 








cz Nicolet 
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Model PLP 


For complete specs, 
refer to 1985-86 Gold Book 
or Microwaves Directory 





? : Model PHP 
F82-1REV.ORIG. 7 = 





99 


IN STOCK 


$ 


from 






FILTERS .°9 


-from dc to 3GHZ 


- less than 1dB insertion loss over entire passband 

- greater than 40dB stopband rejection 

-5 section, 30dB per octave roll-off 

- VSWR less than 1.7 (typ) 

- rugged hermetically sealed package 
(0.4x0.8x0.4 in.) 

- meets MIL-STD-202 

- over 100 models 
BNC, Type N, SMA available 

, Taalaaioxrelieltc delivery ae ae 


fel Mini-Circuits 


Vol glemonicis 
P.O. ange 166 Brookiyn, New No a goed 
omestic and International Telex 12546 i alabberstah Tel ex epee 





LOW PASS Model PLP 
Pass Band, MHz (DC— ) 190; 270}; 400 700; 780; 900 
20dB Stop Band start from 290! 410! 580 1000! 1100! 1340 


HIGH PASS Model PHP -200 | -300 | -400 -700 | -800 | -900 |-1000 
Start 185} 290; 395 700; 780} 910; 1000 
Passband, MHZ stop 800 | 1200 | 1600 1800 | 2000! 2100 | 2200 


20dB Stop Band, 
(MHz) from DC to 116! 190! 290 520! 570! 660! 720 
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Reliability 

is your Obvious first requirement in 
this vital link between your product 
and the outside world. At Ven-lel 
—with 12 years experience and 
millions of modems designed and 
shipped—we don't take reliability 
for granted...SO you can. 


ompatibility 


with industry standards. All Ven-Tel 
modems utilize the industry stan- 

ard “AT” command set, guaran- 
teeing compatibility with virtually all 
types of software. And every Ven-Tel 
custom modem is fully compatible 
with our complete line of standar 
desktop and PC internal modems. 
We also meet Bell 212A and 
CCITT V.22bis standards in speeds 
up to 2400 baud. 





uick Turnaround 


is more than a phrase to us. We've 
built a reputation for meeting prod- 
uct deadlines among some of the 
nation’s largest and most demand- 
ing manufacturers. From start to 
finish in as little as 90 days, Ven-Tel 
can help you get your product to 
market quickly. You can even begin 
development using our standard 
modules while your design Is 
being finalized. 





need reliabie 








Customizing 
your modem is your choice. From 
our standard off-the-shelf boards, to 
complete custom design, to licens- 
ing our proprietary CMOS chip 
design (for quantities in excess of 
100,000 annually), we guarantee the 
right modem solution based on 
your deadline, design and volume 
requirements. Custom hardware 
configurations and firmware give 
you maximum freedom for inte- 
grating the modem into your overall 
product design. 





Compact Size 





is an important requirement in 
applications like credit check ter- 
minals, portable computers and 
trouble monitors. Ven-lel modem 
density is state-of-the-art to provide 
excellent “real estate’ value, with 
complete auto-dial/auto-answer, 
AT compatible, 212A modems— 

in as little as 12 square inches. 
With power requirements as low 


~ as 500mW. 






Competitive 
Pricing 

makes the Ven-lel custom modem 
package one definitely worth looking 
into. For quotations based on your 


modem specs or a discussion with 
our experienced OEM sales engi- 


neers, call 800/538-5121 (outside 


California). In California, call 
408/727-5721. Or contact us for our 
custom modem brochure: 

Ven-Tel, OEM Products Division, 
2342 Walsh Avenue, 

Santa Clara, CA 95051. 





Our competition 
should be 
SO qualified. 
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But the fact is, theyre not. 

Only one company offers you JAN 38510- 
qualified PAL’ ICs. 

And only one company offers such a 
complete selection of MIL-STD-883B Rev. C 
compliant PAL, PROM and discrete logic ICs. 

Namely, Monolithic Memories. 

Our JAN-qualified PAL ICs now include 
ten of our best-selling 20 Series. With JAN 
approval on our 24 Series and half-power PAL 
circuits due any day now. 

What's more, our list of MIL-STD-883B 
parts includes practically everything we make. 


EDN January 23, 1986 


You can choose from among our most 
advanced PAL ICs. Like the half-power 20B 
Series. The asynchronous 20RA10. The 32R16 
MegaPAL" IC. And dozens more. Plus a host 
of PROMs, FIFOs, octals and so on. 

Finally, your military business is a very 
important part of our business and we treat 
you accordingly. With better support from 
design to delivery and beyond. 

So when youre looking for the right 
parts with the right qualifications from a 
company with the right attitude, there’s only 
one place to look. 


EDN January 23, 1986 


And it’s not at our competition. 

Call your local Monolithic Memories 
representative or distributor and ask for our 
new Military Products Division Catalog. 

Monolithic Memories, Military Products 
Division, 2175 Mission College Blvd., Santa 
Clara, CA, (408) 970-9700. 


PAL is a registered trademark, MegaPAL is a trademark of Monolithic Memories, Inc. 
© 1986, Monolithic Memories, Inc. 


Monolithic 
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@ CURRENT TO +30A MAX 
@ FAST ERROR CORRECTION 
@ OUTPUTS TO +72V 
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Inventors should sign 
patents over to companies 


Dear Editor: 

I would like to comment on the 
article “Engineers who double as 
part-time inventors face full-time 
obstacles in the process” (EDN, Oc- 
tober 3, 1985, pg 265). 

Shortly before I graduated from 
Rutgers University, my brilliant 
electronics professor advised the 
class not to have second thoughts 
about signing away the rights to our 
inventions. He told us that he had 
patented several circuits on which 
he never made a_nickel—which 
means, of course, that he lost money 
on the inventions. He told us a cou- 
ple of stories illustrating the tre- 
mendous difficulties involved in ad- 
ministering a typical patent. 

It’s an economically sound idea 
for a big corporation to own a large 
number of patents, so it can be a 
strong force in markets for electron- 
ics, automobiles, aircraft, and other 
products. If every inventor with a 
couple of widgets creates his own 
little company—where, for in- 
stance, he designs a car around his 
widget—imagine all the energy 
these tiny companies will waste in 
feuding over administering their 
patents. 

It’s standard practice among 
large electronics companies to in- 
fringe on one another’s patents. It 
saves a lot of litigation, and the 
sharing of the enormous pool of in- 
ventions improves the overall per- 
formance of the electronics indus- 
try. There are always a few 
malcontents around who want to 
satisfy their sense of importance by 
abolishing the present system en- 
tirely. But what about the sad side 
effects of the new system they 
propose? 

Although I am content to feel that 
the patents I signed away are re- 
flected in my professional status and 
salary, I would still endorse more 
equitable compensation for out- 
standing inventions—for instance, a 
percentage of the income they pro- 


duce (which is very difficult to de- 
termine exactly in most cases). In 
addition, if a company doesn’t use an 
invention for, say, five years, own- 
ership of the patent should return to 
the inventor for the rest of the life of 
the patent. 

Sincerely yours, 

Otto H Bismarck 

Fords, NJ 


Willingness to take 
PE exam isn’t enough 


Dear Editor: 

Vaso Bovan’s letter in the October 
31, 1985, issue of EDN (pg 25) mis- 
takenly states: “All state registra- 
tion boards give examinations once 
or twice a year for people who want 
to be PEs. There are no academic 
requirements... .” 

This generalization is not true. In 
Missouri, there is a very specific 
requirement. In order to take the 
EIT or the PE exam, a person must 
have a bachelor’s degree in engi- 
neering. Possessing a master’s de- 
gree in engineering would not, of 
itself, qualify a candidate to take 
either exam. For such a candidate, 
the Missouri Board would make a 
determination as to whether the 
candidate’s educational background 
were equivalent to a bachelor’s de- 
gree in engineering from an accred- 
ited institution. Another exception 
exists for persons over 50 who have 
at least 20 years of engineering ex- 
perience. | 

My own case provides a good ex- 
ample of the restrictions in such 
regulations. I have BS and MS de- 
grees in physics and was a PhD- 
qualified candidate in physics before 
I took full-time employment. I have 
20 years of technical experience in 
technical/educational fields, but am 
only 41. I am a member of IEEE 
and of Sigma Pi Sigma, the National 
Physics Honor Society. I’ve pub- 
lished papers in professional jour- 
nals and have been employed as an 
engineer in industry for nearly 
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SPRAC : | f Sprague UDN-2878W and UDN-2879W Quad High-Current Darlington Switches provide 
a new level in power control capability. They serve as interface between low-level 
logic and high-power peripheral 
DARLINGIONS SWITCH 222222 
: and incandescent displays. 
TO 1280 W. Capable of handling loads up to 320 W per channel, they are provided 
¥ WV in 12-pin single in-line power tab packages. The inputs are compatible with 


most TTL, DTL, LS TTL, and 5 V CMOS logic. The UDN-2878W has an output voltage rating to SOV (35 V sustaining) while 
the UDN-2879W has an 80 V (50 V sustaining) rating. Volume pricing (50k) is just over $2. Sprague Electric Company, a 
Penn Central unit, Worldwide Hdatrs., Lexington, MA. Write for Engineering Bulletin 29305.10 to 

Technical Literature Service, Sprague Electric Co., 41 Hampden Road, Mansfield, MA 02048-1807. 


For applications assistance, call Mark Heisig at 617/853-5000. 
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Linear Voltage 
e No Soft Solder 
Packa ES © Meets MIL-Std-883 
e —55° to +125°C Operation 
Packaged in copper TO0-3 cases, typical specifications include: 


e No Monolithic IC’s 
The unique design of Solitron’s hi-rel Linear Voltage Regulators 
[Sovitron Part Numbers [Your [Ym Max.[  thnee 


C Op D er © No Oscillation 
e Radiation Resistant 
eliminates electrical, mechanical and environmental problems. 
esa | Value _| Tol. | Te=+25c | Typ. (Amps) | Max. 212 
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NOTES: 
. Conditions listed apply from —55°C to +125°C. 

. Tolerances indicated reflect the sum of all changes in Voyt due to line, load and temperature. 
Vout tolerances of +1% and +2% available upon request. 

Vout tolerance at +25°C = +1%. 

Ripple rejection = 55 db min. 

| (quiescent) = 50 Ma max. 

Ojy¢ = 1°C/W typical. 

Ordering information: Part numbers listed in table are for configuration A; for configuration B add 
suffix R to part number listed in the table (i.e. CUSE 039R). 

. For space savings, multiple regulators can be supplied in a common copper flatpack. 

10. Output voltages from +2V to + 50V available upon request. | 

11. Higher currents up to 50A available in copper flatpacks. 


12. Higher short circuit current values available upon request. 


CJolitron 


DEVICES, INC. 
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1177 Blue Heron Boulevard 

Riviera Beach, FL 33404, U.S.A. 
Tel: (305) 848-4311 © WATS: (800) 327-8462 
TWX: (510) 952-7610 © Telex: 51-3435 
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seven years, during which I’ve de- 
signed special-purpose computer — 
systems, among other things. Yet, 
under Missouri regulations, I don’t 
qualify to take either the EIT or the 
PE exam because I don’t have an 
approved engineering degree. 

I suspect that other states also 
have specific regulations that dis- 
qualify some would-be PEs. It’s not 
simply a matter of being willing to 
take the exams. 

Sincerely yours, 

G M Hale 

Metrology Engineering 
Bendix Aerospace 
Kansas City, MO 


Overenthusiastic design 


Dear Editor: 
I really would like to say good 
things about the Design Idea 
“Tracking-load bank tests bipolar 
supplies” by David Bley (EDN, Oc- 
tober 31, 1985, pg 252), because it’s 
a good basic design that can draw 
+1.5A from a +19V supply or 
+1.0A from a +7 to +25V supply. 
But it just can’t draw +1A from a 
50V supply. If you try to make the 
LM317/387HV Ks draw +1A from a 
50V supply, they won’t be damaged 
or destroyed, but they'll go into cur- 
rent-limit and put out % or A. 
Unfortunately, I don’t think there 
are any monolithic voltage regula- 
tors that can regulate 50V at 1A. 
(However, the LM12 will soon be 
able to handle 1.2A at 70V, or even 
more current, for a short time.) I’m 
afraid Mr Bley got a little overen- 
thusiastic about the LM117’s capa- 
bilities. 
Sincerely yours, 
Robert A Pease 
Staff Scientist 
National Semiconductor Corp 
Santa Clara, CA 
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On Mt. Everest you don’t settle for 
second best. A scope has to be 
ready and able to measure under the 
toughest conditions on earth. For 
members of the Ultima Thule expedi- 
tion, that meant a scope from 
Tektronix. 


The team was on Mt. Everest to 
study the origins and effects of 
altitude sickness from research sta- 
tions located at 17,000 and 21,300 
feet. To accompany them they chose 
the Tek 2337 for its exceptional rug- 
gedness and outstanding ease of 
use. Plus a well-earned reputation for 
no-compromise performance, no 
matter what. 


Nothing stopped the scope from 
making its appointed measure- 
ments. Most impressive, it was used 
to troubleshoot, repair and calibrate 
medical test equipment that failed to 
operate at the 21,300-foot station. 


Says spokesman Tom Clement, 
“Our research efforts were salvaged, 
at the highest and most critical 
altitude, thanks to the Tek scope.” 


For peak performance anywhere, 
depend on Tek’s world-class family 
of portable . lwelve scopes 
in all offering either analog or digital 
storage performance at bandwidths 
from 60 MHz to 300 MHz. Plus 
designed-in reliability that helps 
reduce your measurement costs. 





TEK SCOPE MAKES 
WORLD’S TOUGHEST SERVICE CALL. 


To precisely match your needs, 
choose from three Tek 2000 family 
lines. The standard-setting, high- 
performance 2400 Series. The 
ultra-rugged 2300 Series. And the 
popularly-priced 2200 Series. All 
backed by Tek’s 3-year warranty that 
includes the CRT. 


To get your hands on a scope 
that goes where you go and 
doesn’t scrimp on performance, 
contact your local Tek Sales Repre - 
sentative. Or call the Tek National 
Marketing Center toll-free: 


1-800-426-2200. 
In Oregon, call 1-627-9000. 





Copyright © 1985, Tektronix, Inc. All rights reserved. TTA-609 
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Tektronix 


COMME TED TO EXCELLENCE 
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Copyright © 1985, Tektronix, Inc. All rights reserved. #TXA-613 


Anti-aliasing enhances mea- 
surement confidence. Signal 
distortion (Sample mode only) is 
shown at high frequencies (top). 
The peak detect mode displays 
peak information without signal 
distortion (bottom). 









hancing use of the scopes | 
as design and sel palpate 
tools are fast sample and hold — 
etector circuits, plusthe pro- 
rietary peak detect mode. They 
enable the display of pulses as 
narrow as 100 ns at any sweep 
. speed—even on a single sweep. 
You'll also find such features as 
- post-acauisition expansion and 
compression, X-Y capability to 
each scope’s storage bandwidth 
and, for systems use, optional 
GPIB or RS-232-C interfaces. 
Best of all, the 2220 and 2230 









MHz fer 60 MHz 


Features 
Analog/Digital Storage 


~ Bandwidth 


Single Shot (Transient) B.W. 


(10 points per signal period) 


Maximum Sampling Speed 
Record Length 
Save Reference Memory 


Vertical Resolution 


_ Peak Detect 


Averaging 


X-Y Storage Bandwidth 
GPIB/RS-232-C Options 


_ Price 


_ are easy to use and afford. And 

_ backed by Tek’s famous 3-year 

_ warranty that includes the CRT. 
Check the front panels. The con- 

_ trols are familiar, comfortable, 

easy to identify. Designed to push 

productivity and minimize training 
time. 

In the 2230, CRT readout of 


IPRESSIVE NUMBERS. 


2230 
100 MHz 


2 MHz 
20 MS/s 
4K/1K (selectable) 


One, 4K 
Three, 1K 


8 bit 

10 bit (avg mode) 

Yes (100 ns) 

Yes (menu-selectable) 
100 MHz 


Yes (talker/listener, 
includes 26K of battery- 
backed memory) 


$5150 


2220 
60 MHz 


2 MHz 
20 MS/s 
4K 

One, 4K 


8 bit 


Yes (100 ns) 

Yes (rep. sampling) 
60 MHz 

Yes (talker/listener) 


$4150 


Get the reliability and perform- 
ance you expect in Tek scopes, 
now enhanced by digital storage, 
at unexpected prices: $4150 for 
the 2220, $5150 for the 2230. 

For the full story, and 
more impressive numbers, 


contact your local Tek Sales 


front panel settings and key 
parameters means even more 
convenience, with cursors for 
waveform voltage and timing 
measurements. 


Representative today. Or call the 
Tek National Marketing Center, 


1-800-426-2200. 


In Oregon, call collect, 


(503) 627-9000. 





On-screen viewability lets you 
expand, compress, and position 
waveforms saved in reference 
memory. This permits easy view- 
ing and display flexibility of up 
to eight saved waveforms. 





High display resolution and 
accuracy permits on-screen 
viewing of signals such as the 
TV test signal shown here. 4K of 
record information can be 
viewed in 1K windows. readout. 
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100 MHz, non-storage 
capability comes standard in nience of CRT readout in both 
the 2230. In addition, there's 
dual channel, dual timebase, 
versatile triggering and CRT 


The 2230 offers the conve- 


storage and non-storage modes 
at 100 MHz. Storage mode 
cursors make AV, AT, and 1/AT 
measurements fast and easy. 





Tektrone< 


COMMITTED TO EXCELLENCE 
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One standard. Zero defects. 
Signetics makes a stand for unsurpassed quality. 


Some companies talk about defect standards of 500 ppm 
as if they were proud of them. At Signetics, we have a 
different philosophy: One defect is one too many. So we've 
set the standard even higher. 

0 Defects. That’s the standard we've set at Signetics. 
And the warranty for that standard goes like this: When 
you receive parts from us, if you find any defects in the 
lot, we'll take back the whole lot. The reason we can offer 
this warranty is, after 100% testing, we sample every 
lot. And if we find a single defect, that lot doesn’t ship. 

Signetics is absolutely committed to a standard of 0 
defects. We have been for some time, in fact. In 1980, we 
initiated a rigorous 14-point process aimed at preventing 
mistakes — instead of correcting them. Since then, the 
process has evolved until it’s now more than a process; it’s 
a state of mind shared by everyone at Signetics. From 
the corner offices to the mail rooms. It’s a state of mind 
marked by a determination to prevent any and all defects. 
By working with you, examining failure rates even as 
they occur in the field, we'll carry zero defects beyond a 
standard, toa reality. So that eventually, there won't be any 
defects to catch. 

You'll find that same commitment to quality throughout 
Signetics. Whether we're designing a chip with a half- 
million bits of memory, meeting delivery schedules, 
double-checking the accuracy of our paperwork, or getting 
your name right when you phone. 

So, while some companies are bragging about a standard 
of 500 defects, Signetics is quietly working its way 
toward zero. And when you put your trust in that kind 
of commitment, you can't lose. 

Find out more. Call 800-227-1817 x 954D toll free, 
and welll send you a brochure that tells you more about 
our quality program. 


One standard. ()defects. 


signelics 


a subsidiary of U.S. Philips Corporation 
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CALENDAR 


PL/M-86 Systems Programming 
(short course), Madison, WI. Donne 
Miller, Micro-Managers Inc, 1435 E 
Main St, Madison, WI 53703. (608) 
251-6661. February 3 to 7. | 





EMI Control in Computers and 
Printed Circuit Boards (short 
course), San Jose, CA. Penny 
Caran, Interference Control Tech- 
nologies, State Rte 625, Box D, 
Gainesville, VA 22065. (703) 347- 
0030. February 4 to 7. 


Grounding and Shielding (short 
course), Orlando, FL. Penny Caran, 
Interference Control Technologies, 
State Rte 625, Box D, Gainesville, 
VA 22065. (703) 347-0030. February 
4 to 7. 


UniForum, Anaheim, CA. /Usr/ 
Group, 4655 Old Ironsides Dr, Suite 
200, Santa Clara, CA 95054. (408) 
986-8840. February 4 to 7. 


iRMX 86 for Users (short course), 
Madison, WI. Donna Miller, Micro- 
Managers Inc, 1435 E Main St, 
Madison, WI 53708. (608) 251-6661. 
February 10 to 14. 
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Grounding and Shielding (short 
course), San Antonio, TX. Penny 
Caran, Interference Control Tech- 
nologies, State Rte 625, Box D, 
Gainesville, VA 22065. (703) 347- 
0030. February 18 to 21. 


IEEE Annual Meeting, San Jose, 
CA. IEEE, 10th FI, 345 E 47th St, | 
New York, NY 10017. (212) 705- 
7647. February 18 to 19. 


. Cente ; 4 AutoCADCon 86, Rosemont, IL. 
dy ease rhe. | D] 3 andat N spsP alt CAD Design Systems Inc, 13805 
Soe ees he Navy ion on the OQ wa Remington Rd, Suite’ D, 
Schaumburg, IL 60195. (312) 882- 
0114. February 20 to 21. 


C Programming Workshop, Belle- 
eee a : vue, WA. Specialized Systems Con- 
om \ 2 - Itants Inc, Box 55549, Seattle 
cz ACLE NO oo , , , 

a > | <a Cl 


ro baad & WA 98155. (206) 367-8649. February 
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Million Power Supplies 


and 13 Years Latent... 


cme 


Our New Catalog 
Will Show You 
Why. 





You Can't Argue 
with Success 

With over 3 million D.C. 
power supplies delivered to satisfied 
customers worldwide, POWER-ONE has firmly estab- 
lished its position as the Number One producer of high- 
quality OEM power supplies. A combination of competi- 
tive prices, on-time delivery, and dependable service has 
made the difference. 


The Right Choice for Your Product 


You'll never get stuck with “second-best” at POWER- 
ONE. Our full line of both Switchers and Linears not only 
guarantees you the technology that best complements 
your product, but also assures you maximum profitability. 


Worldwide Safety Approved to 
UL, CSA, IEC, and VDE 


All POWER-ONE power supplies represent a true world 
market design philosophy. This means fast acceptance 
for your products, whether marketed in the USS. or inter- 
nationally. 








Ultra-Modern Facilities 
Over 250,000 sq. ft. of 

worldwide manufacturing 
facilities offer an annual capac- 
ity of nearly a million units. 
Another guarantee that the 
high-volume requirements of 
today’s progressive electronics 
industry will be met. 


Get the Complete Story 


Our new 28-page, full-color 
catalog tells the whole POWER- 
ONE story. It covers our Linears, 
Switchers, and revolutionary new 
FLEX-Series for custom applica- 
tions. It also includes information on safety approval 
requirements for domestic and international marketing, 
the changing power supply industry, POWER-ONES ex- 
tensive capabilities to respond to your needs, and more! 
SEND FOR YOUR FREE COPY TODAY! 


“Innovators in Power Supply Technology” 


OPOWET-ONE 


0.C. POwer SUPPLIES 


POWER-ONE INCORPORATED 

740 Calle Plano * Camarillo, CA 93010-8583 
Phone: (805) 987-8741 or (805) 987-3891 

Call Toll Free from California: (800) 421-3439 
Outside California: (800) 235-5943 
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Adapt a PC 1) CALENDAR 
ie point-of-sale, Nepcon West ’86, Anaheim, CA. 


Banner and Greif, 110 E 42nd St, 


data collection, New rk, Ne Soe ee 
and process control me 


CA. IEEE Computer Society, 1730 
Massachusetts Ave NW, Washing- 


applications ton, DC 20036. (203) 371-0101. 







March 3 to 6. 





First International Conference on 
CD ROM, Seattle, WA. Microsoft 
Corp, Box 97200, Bellevue, WA 
98009. (206) 828-8080. March 3 to 6. 


Dexpo Europe 86 (DEC-Compati- 
ble Exhibition and Conference), 
London, UK. Expoconsul Interna- 
tional Inc, 3 Independence Way, 
Princeton, NJ 08540. (609) 987- 
9400. March 4 to 6. 


Power UK ’86, London, UK. TCM 
Expositions Ltd, Exchange House, 
33 Station Rd, Liphook, Hampshire, 


You have multiple cash registers, security systems, GU30 7DN, UK. (0428) 724660. 
bar-code readers, digital scales, etc. that you want to March 4 to 6. 

control or access from one computer. Your options? 
An expensive, multi-user computer system. Or a small, 
single-port computer, such as an IBM PC, linked to Design/Drafting with Surface 


an economical, BayTech multiport controller. Mount Devices (short course), Mil- 


A multiport controller is a microprocessor-controlled waukee, WI. ro Tocups, Me aici 
unit that can allow up to 17 devices (more by cascading) sity of Wisconsin-Milwaukee, 929 N 
to share one RS-232C serial port on a computer. 6th St, Milwaukee, WI 53203.. (414) 
Separate input/output buffers and UARTS enable you 224-3952. March 5 to 7. 

to receive and transmit data simultaneously on all ports, 
and mix and match devices of different configurations. 























7th Annual Computer Graphics 








Several methods of transferring or multiplexing data Conference, Hollywood, FL. Frost 
are available from BayTech. The A-series multiports & Sullivan, 106 Fulton St, New 
provide computer-controlled switching. The ES-series York, NY 10038. (212) 233-1080 
features time-division multiplexing, and the AC11 ‘ ‘ 
series, buffered message multiplexing. The H-series March 5 to 7. 

combines the A, ES and AC11 modes of operation 








plus three additional modes into one user- program - CAD/CAM/CAE Winter Work- 
it. 2 ‘ 

mable unit. 5, 9, 12 or 18 ports, $279 to $1,795 | shops, San Diego, CA. Jack Sand- 

OTHER APPLICATIONS, TOO! ers, CAD Report, 841 Turquoise St, 

BayTech also manufactures units for printer-sharing, Suite D, San Francisco, CA 92109. 

networking, port contention. Call or write for details. (619) 488-0533. March 6 to 7. 








BAY TECHNICAL ASSOCIATES, INC. eee is oe MA. sed 

BTL PRICK Ce oe y of Manufacturing Engineers, Box 

DATA COMMUNICATIONS PRODUCTS 930, Dearborn, MI 48121. (313) 271- 
1500. March 10 to 13. 





800/523-2702 or 601/467-8231 
Highway 603, P.O. Box 387, Bay Saint Louis, Mississippi 39520 


Telex: 910-333-1618 (BAYTECH) EasyLink: 6277-1271 
CIRCLE NO 26 
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FutureNet Can Put A Complete Engineer 


Department Right At Your Desk. 


DASH™ — The Low-Cost Leader 


FutureNet’s PC-based DASH CAE 
workstation is the enthusiastic low- 
cost preference of electronic engi- 
neers around the world. More than 
3000 DASH workstations are now 
handling big CAD tasks, right at the 
engineer's desk, at a mere fraction of 
big CAD costs. 


Big System Performance 

Can design, simulation, verifica- 
tion, layout, interface and test tasks 
really be handled on a PC? The IBM 
PC, XT and AT plus FutureNet made 


FutureNet, DASH and STRIDES are trademarks of 
FutureNet Corporation. IBM is a registered trademark 
of International Business Machines Corporation. 
CADAT is a trademark of HHB Softron, Inc. 

Many of the company and product names are 
registered trademarks. 

*DASH CAD Translators (Partial List): APPLICON, 
CADAM, CADAT, CALAY, CBDS, COMPUTERVISION, 
GERBER, RACAL-REDAC, SCICARDS, TEGAS. 


DATA I/O — FutureNet European Headquarters (not a sales office): World Trade Center, 
Telephone: (20) 622866. Please Telephone Your Local Distributor: Australia 
(416) 890-2010 * China 219103 » Denmark (2) 451822 Finland (0) 5284312 + France (3) 9568131 » Germany (89) 858020 » Greece 
(2) 6120129 « Japan (03) 574-0211 * Netherlands (40) 533725 » New Zealand (9) 504458 + Norway 


¢ Hong Kong 5-546391 « Israel (3) 494891 - Italy 


(2) 789460 « Portugal (1) 2103420 « Singapore (65) 2729412 » South Africa ( 








PULFONOE 


TERR Seo 
: Seger SOT ag 


it so. As an example, DASH-CADAT 
logic simulation on the XT or AT han- 
dles circuits up to more than 1 million 
gate equivalents, using advanced 
behavioral modeling. And Future- 
Net's new DASH-SPICE adds the 
power of the world’s most popular 
analog circuit simulator. 


Tools For All Technologies 
99-level hierarchical schematic 
designers combine with other DASH 
tools to address PCB designs using 

merchant parts, plus all types of 


(02) 647-2266 « Austria (222) 827474 + Belgium 


ASIC parts — PLDs, gate arrays, 
standard cells, and full custom chips. 


New! Your Personal 
Silicon Foundry™ 

A combination of our versatile 
DASH-DAITA I/O tools creates a 
fully integrated “Personal Silicon 
Foundry” right on your desk. From 
concept to schematic design, 
through simulation, PLD program- 
ming and test, and on to production. 
ASICs can be produced in hours 
instead of months, all without leaving 
your DASH workstation. 


A DATA I/O Company 


FutureNet Corporation * 9310 Topanga Canyon Boulevard 
Chatsworth, California 91311-5728 USA * Tel: (818) 700-0691 * TWX: 910-494-2681 


Strawinskylaan 633, 1077XX Amsterdam, The Netherlands, 
(2) 2192451 » Canada 
(1) 7249511 


12) 469221 + Spain (1) 2425204 + Sweden (8) 7330220 + Switzerland 


(1) 7231410 * Taiwan (2) 713-5435 « Thailand (2) 3928532 » United Kingdom (494) 41661 
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s Siliconix incorporated, 2201 Laurelwood Road, Santa Clara, CA 95054, (408) 970-4107 TWX 910-338-0227 


FREE SOCKET with every OKI DRAM SIMM sample ordered. 


Ask OKI to send you a [_] Please send___ OKI DRAM SIMM Sample 
sample set of our MSC 41256 SIMM for just Set(s) with socket. Price per set is $44.00, 
$44, and we'll include its socket without plus $4.00 for shipping/handling: $48.00 
charge. OKI’s SIMM Sample Set consists of 2 Set/total, sales tax included. Offer limited 
modules, each with nine ‘ to 5 sets per customer. 
256K DRAMs & nine . 3 Check or money order for 
capacitors, plus the free 3 7 3 enialeeed 
60-pin carrier and : == (Sorry, no company purchase orders please) 
full technical data. Woes i [_] Send technical data on 

the OKI 256K DRAM SIMM. 


Name/Title 

Company 

Address 

City! oe NS ge SUBIR. 
Tel: ( ) 


Return to: Customer Service, OKI Semiconductor, 650 N. Mary Avenue, Sunny- 
vale, CA 94086. (408) 720-1900. Offer limited to 3 sets per customer and expires 
~_ March 31, 1986. Available only for U.S.A. and Canada shipment. 


SEMICONDUCTOR 
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Smart vendors 
address market needs 
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The only successful products are those that provide benefits. 
Personal computers, for example, can make correspondence or 
circuit design easier. Application-specific ICs (ASICs) can reduce 
space requirements, power consumption, and costs. A benefit to one 
person, however, may be nothing at all to someone else. It’s all too 
easy for us, as engineers, to produce products that we think are 
desirable without considering the requirements of the marketplace. 

Creators of local-area networks might well be guilty of just such a 
misjudgment. For the last several years, while they’ve been trying 
with only limited success to sell LANs in labs and offices, an 
important market for LANs has developed in factories. The LAN 
vendors haven’t ignored the factory market, of course, but they 
seem unable to grasp an important requirement for selling to that 
market: the requirement for all types of hardware to communicate. 
The smaller scale of an office or lab allows the use of one, or at most 
a few, types of hardware; it’s not much of a disadvantage if that 
hardware can’t communicate with other hardware. A factory, 
however, is different: The numerous manufacturing operations 
require equipment of all sorts. Whereas LAN standards are merely 
desirable for the office, they’re absolutely necessary for the factory. 

General Motors, recognizing the benefits of standards, has taken 
a strong lead. “Adhere to the MAP [Manufacturing Automation 
Protocol ],” it tells equipment suppliers, “or we won’t buy from 
you.” Other large manufacturers, who stand to benefit from GM’s 
initiative, are supportive. The result, if all goes as expected, will be 
a standard that’s driven not by equipment suppliers—as is the case 
with vendors’ faltering efforts to put networks in offices—but by 
users. 

The potential benefits of standard factory LANs are enormous. 
At atime when American manufacturers are struggling to maintain 
position in the world market, standard LANs can increase efficiency 
and enhance competitiveness, perhaps even make a major impact on 
the American economy. Clearly, the marketplace is crying for 
standard factory LANs. Belatedly, electronics suppliers are fulfill- 
ing the needs of the marketplace rather than catering to their own 


bse 


Gary Legg 
Editor 
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Now there's no reason for 
military systems to burn one 
more milliwatt than they have to. 
Not when you can design them 
using the military versions of 
our high-speed, power-saving 
CMOS SRAMs, the Am99C68 
and Am99C88. 

Our 4K x4 Am99C68, for 
example, is perfect for eliminat- 
ing waste in high-performance 
applications like sonar, radar and 
ECM systems. 

It's full CMOS, and powers 
down to 50pA. Its 45ns access 
time and 4K x4 configuration is 
ideally suited to signal processing. 
And its high-performance CMOS 
process 1s remarkably radiation 
resistant. 


Am99C68/Am99C88 


Reduce military 
waste. 


On the other hand, our 8K x8 
Am99C88 is the stuff power- 
frugal navigation and communi- 
cation systems are made of. 

The Am99C88 also uses our 


| rugged, high-performance CMOS 


Advanced Micro Devices + Bruxelles (02) 771 99 93 » Hannover area 
Milano (02) 3390541 + Miinchen (089) 4114-0 * Paris (01) 68736.66 


rocess. Plus, it’s available with 
Ow power-down current and 
access times down to 7Ons, to 
match the requirements of 
virtually any design. 

Both of these new memories 
are available in popular military 
packaging. And both can be 
ordered to commercial specifica- 
tions, so commercial designers 
can capitalize on these power- 
saving benefits as well. 

The Am99C68 and the 
Am99C88. Now your design 
efforts wont go to waste. 
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When we numbered our new 
Bipolar Gate Array Family the 
Am3500, we goofed. 


Am3500 Family 


Wrong number. 


True, 3500 is the actual num- 
ber of gates. Only our counting 
method is very conservative. If 
we counted like everybody else, 
the figures would rightly be 5000 
for our Am3500, 3700 for our 
Am3525, and 5200 for our 
Am3550. 

We thought about changing 
the part numbers. But, by then, 
the marking machines were 
marking and the shipping 
department was shipping. 

Now, all we can do is remind 
you the only time you need a 
number around 3500 is when 
youre ordering. Otherwise, just 
remember 5000, our equivalent 
gate density (A density, by the 
way, 00% greater than comparable 
arrays. ) 

Of course, it’s just as important 
that you remember each part 
is fabricated using our IMOX™ 
three-layer metal process, for 
fewer constraints when placing 
our high-level macros. 

That each gate’s speed is indi- 
vidually programmable, from 
650 to 950 picoseconds, for bal- 
ancing power and performance. 

And that you can choose 
an array that’s straight ECL 
(Am3500), ECL/TTL (Am3550) 
or, because overall system speed 
is every bit as important as gate 
speed, one complete with 
onboard RAM (Am3525). 

Better yet, when deciding on 
a gate array, simply remember 
that the wrong number is the 
right call. 
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If you're designing a graphics 
system, our new Am8158 Video 
Timing Controller will give you 
the time to do it right. 

Literally. 

Because one Am8158 supplies 
the dot clock, the character clock, 
plus clocking for all sync and 
blanking pulses. All of which 
amounts to a rapid decrease in 
design time and a sharp drop in 
component count. 

But that’s only part of the 
picture. 

In addition, the Am8158 is 
software programmable. So you 
can alter the display timing on 
short notice. A few, simple 
instructions upgrade you from a 
mid-resolution 640x480 picture 
to a high-res 1280x1024 display. 


Am8158 


All the time you need. 


Dont look surprised. 

It's all in keeping with our 
image of delivering more video 
functions on a single chip. An 
image that’s become the hall- 
mark of our bit-mapped graphics 
family. 

So before you tackle your 
next graphics system, pick up 
an Am8158. 

Because it can’t hurt to have 
lots of time on your hands. 
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On October 1, 1985, Advanced Micro 
Devices committed to deliver fifty-two new 
products in one year. One a week. Every week. 
On the shelf. In volume. 

After 13 weeks, our customers could | 
reduce networking costs, modernize old state | 
machines, revive fading memories and see 
graphics in a whole new light. 

If you haventt seen the solution t 
your problem yet, the game = 
has just begun. _ 

Watch this space for ~_ 4 
thirty-nine morenew =& 
products. One a week “= —* 

In volume. On the shelf. 

That’s not a promise. There are too 
many promises in this business. That's a 
commitment. 
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Advanced Micro Devices <' 


For more information, contact the sales agent nearest you or write the word “Sixteen” 
on your letterhead and mail to Advanced Micro Devices, Mail Operations, P.O. Box 4, 
Westbury-on-Trym, Bristol BS9 3DS, United Kingdom. 49 








Ordering samples 
has never been easier 


Evaluate the most complete 





line of High Performance Connector Covers 


orthern Technologies’ toll- 

free 800 number makes it 
easy for you to evaluate the 
industry’s highest performance 
backshells. Whether it’s metal, 
metalized plastic or our plastic 
backshells, Northern Technologies 
will rush evaluation samples to you 
fast. Just call 1-800-387-4205. 


Superior Shielding 
Effectiveness 

When it comes to far exceeding 
FCC docket #20780 for EMI/RFI 
Emissions Control, look to Nor- 
thern Technologies for a complete 
range of FCC compliant “‘D” sub- 
miniature backshells. Both our 
metal and metalized plastic “D” 
subminiature backshells utilize our 
proprietary Nortech®) shielding 


COMMON MODE 


in the industry. 


system, which provides the highest 
attenuation possible. The result is 
higher performance as illustrated in 
an independent test on shielding 
effectiveness. The performance 
secret lies in the Nortech 
shielding system. Every connector 
cover comes with a complete set of 
Nortech) compression inserts 





which accommodate cable diameters 
from .190 to .680 inches. 


Unshielded Cable 
Pigtail Connection 


Copper Tape 
Cast Zinc 
“= Metalized Plastic Northern Technologies 


- "e: Cast Zinc Northern Technologies 


Independent Laboratory Tests, 1984. 





¢ Concord, MA (617) 371-0915 * San José, CA (408) 275-6170 « Canada (416) 475-9123 
Copyright ©1984, 1985 Northern Technologies Ltd. The Nortech™ System is a trademark of Northern Technologies Ltd. *The compression insert(s), covers, insert system, and multiple compression inserts on a tree are proprietary to and trademarks of 
Northern Technologies Ltd. Canadian Patent #1181504, U.S. patents pending. Northern Technologies Ltd. is a wholly-owned manufacturing subsidiary of Lanpar Technologies Inc. Specifications subject to change without notice. 
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Complete Range 

Northern Technologies stocks a 
complete range of metal, metaliz- 
ed plastic, two piece plastic and 
one piece plastic backshells in 9, 
15, 25, 37, and 50 positions. Our 
metalized plastic and two piece 
plastic models are also available 
with 45° cable exits. 


Industry Compatibility 
Northern Technologies’ 
backshells are compatible with all 
major manufacturers’ “D”’ sub- 
miniature connectors, and can 
accommodate a wide range of 
either braided, foil shielded, or 
non-shielded cables. This one-size- 
fits-all concept was engineered to 
simplify assembly and minimize 
inventory requirements. 


Aggressive Pricing 

High volume automated produc- 
tion facilities give Northern 
Technologies the pricing edge in 
the industry worldwide. 


Call 1-800-387-4205 


for free samples and information 
on the industry’s highest perfor- 
mance connector covers. 


ill LANPAR 


Manufactured by Northern Technologies 














CSC believes there's only 
one way to do a job. 
Ford Motor Company agrees. 


Malem mi(sloutaier-|ir-l (em =a (o1e1 (ce) alse B)\V ele Cherry Semiconductor has flown the Q1 
(0) wre) £0 V0) (0) am @xe)an)ey-la\mrsmere)anlaaiiaccrem ce) flag since December 1983, when CSC became 
Job 1, world market quality. Its certification the first U.S. supplier of integrated circuits to 
and flag are awarded to manufacturers who receive this prestigious award from E.E.D. 


have demonstrated superior performance in A lot of people talk quality these days, but 
quality history, market competition, Ford, E.E.D., and Cherry Semiconductor are 
responsiveness, and business relationships. making it happen. 


Job | the right way... 
From Cherry Semiconductor. 





CHERRY SEMICONDUCTOR CORPORATION « 2000 South County Trail, East Greenwich, Rhode Island 02818 / (401) 885-3600 
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Edit in place? 
Only Mentor Graphics 
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lets you edit all 


Sew 


risks, mee 





During IC layout, hierarchical design 
delivers dramatic productivity gains. 

But during global cell modifications, it 
can also leave you hopelessly blind. 

Some layout editors let you see the one 
cell you're editing, but completely hide the 
global impact on other cells. 

Other editors let you see the global 
impact, but totally isolate the selected cell 
in a separate window. So you work blindly, 
out of context. 

Only one vendor of IC layout tools has 
seen the light and solved the problem. 

Mentor Graphics. 

Our solution? The Chipgraph™ IC 
layout editor, the first such editor that lets 
you see it all during hierarchical editing. 
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With Chipgraph, you work on the 
selected cell directly in its layout environ- 
ment. You see instantly how it relates to its 
surroundings. At the same time, all related 
cells are updated right on the screen, so 
you've got a complete picture of the 
global consequences. 

You work taster. More accurately. With 
less iterations. 

And Chipgraph lets you work bigger as 
well as better. Our hierarchical design sys- 
tem will easily accommodate the next gen- 
eration of VLSI designs. 

There's also boolean and edge tunctions 
to keep your editing fast and flexible. And 
changing technologies is no problem, 
because we've got all the angles covered. 
You can work with bipolar, linear and 
GaAs geometries as easily as MOS. 

Plus you can put initial design rule checks 
in their proper place—the editor itself. Our 
interactive DRCs let you check as you edit. 
You get tast, accurate feedback on the 
correctness of your design. And for the 
final check, Chipgraph lets you run 
DRACULA II™ right on your workstation. 

And to keep your IC designs in the indus- 
try mainstream, Chipgraph supports the 
GDS || input/output format. You enjoy com- 
patibility with a wide variety of existing 
tools. And long-term viability for your 
design libraries. 

It’s all part of a vision unique to Mentor 
Graphics, the leader in design automation. 
Let us show you where this vision can take 
you. 

Call us toll-free for an overview brochure 
and the number of your nearest sales 
ottice. 


Phone 1-800-547-7390 
(or in Oregon call 284-7357). 


DRACULA II is a trademark of ECAD, Inc. 
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Here’s the test circuit. 





You're looking at the avalanche withstand 
capability of a HEXFET — something few 
designers know and appreciate about the 


inherent ruggedness of IR’s power MOSFET. 


Fact is, we put every HEXFET we make through 
its own avalanche test before shipment. 

It's just another little secret why HEXFETs 
survive where others fail. é 


NUMBER 11N 
POWER MOSFETs! 
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Here's the test waveform 


re) 


the HEXFET under 


avalanche. 


And with that extra margin of safety, HEXFETs 
add more value to your system. What's more, 
we're the only major power MOSFET 
manufacturer to specify avalanche capability 
in writing. And because we test every device, 
we can guarantee it. 


I's one more reason why HEXFETs are today’s 
quality choice. Call or write us for data. 


International 
Rectifier 


WORLD HEADQUARTERS: 233 KANSAS ST.. EL SEGUNDO, CA 90245, 
U.S.A. (213) 772-2000. TWX 910-348-6291, TELEX 472-0403 


EUROPEAN HEADQUARTERS: HURST GREEN, OXTED. SURREY RH8 9BB. 
ENGLAND TELEPHONE (088 33) 3215/4231. TELEX 95219 
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Semicustom ICs for military use 


meet rigid reliability specs 


David Smith, Associate Editor 


Recognizing the lucrative and sta- 
ble military market, semicustom-IC 
vendors offer digital arrays, linear 
arrays, and standard-cell ICs that 
can meet MIL-STD-888C reliability 
standards. The devices can be used 
in designs that require as many as 
24,000 logic gates or that must oper- 


ate at clock rates in the hundreds of © 


megahertz. In addition, vendors are 
beginning to characterize their 
products for radiation hardness, and 
they are discovering that bulk sili- 
con can provide radiation immunity. 
In fact, most applications don’t re- 
quire the more expensive rad-hard 
technologies like GaAs and silicon 
on sapphire. 

The design and fabrication of mili- 
tary semicustom ICs is similar to 
the development of commercial 
products (see box, “Developing mili- 
tary semicustom ICs”). To offer 
their products for the military mar- 
kets, vendors need to implement 
the testing, screening, and docu- 
mentation procedures required by 
military specifications (for a de- 
scription of the military standards 
for ICs, see Ref 1). These proce- 
dures add to the cost of producing 
military semicustom ICs (see box, 
“The cost of military semicustom 
ICs”). To consider using semicustom 
ICs in your project, determine if you 
ean afford the development costs, 
then take a look at the performance 
and integration levels of available 
product lines. 


ICs must withstand radiation 


In addition to undergoing MIL- 
STD-883C screening, many military 
ICs must meet stringent radiation- 
hardness criteria. Some manufac- 
turers suggest that within a few 
years all military ICs, including 
semicustom chips, will require a 
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SHIPPING METHOD 2009 MIL-B-81705B 
TO CUSTOMER MIL-STD-129H 





MIL-STD-1285 


Conforming to a bewildering array of standards is necessary in the fabrication and 
screening of military semicustom ICs. This manufacturing flowchart from AMCC shows the 
company’s manufacturing steps and the military specifications required at each. The three 
steps under the label “MILITARY” (upper right) are not performed for commercial arrays. 
These additional steps and more expensive packages can increase the price of military 
semicustom ICs 100 to 200% over commercial products. 
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RELIABLE > 
FOUNDRY. 


Comdial Semiconductor set the standard for guaran- 
teed delivery of reliable CMOS/HMOS prototypes. Now, 
as Orbit Semiconductor, Inc., we will continue our 
commitment to guaranteed service. 


Orbit’s high reliability CMOS processes, N-Well or 
P-Well, extend to 2 micron feature sizes. The quality 
of our processing allows us to deliver product to 
Mil-Std-883C requirements. Mature processes, i.e. 
Synertek’s, are also available. 





Orbit guarantees on time delivery for engineering 
prototype runs. 


<= 10 working days Single Poly and Single Metal 
CMOS/HMOS 


S15 working days Double Poly or Double Metal CMOS 


From prototyping to large volume production orders 
in wafer form or packaged parts, Orbit delivers on time. 
That’s reliability you can count on. 





No. 
of 
days Typical working days 
Customer/Engineering lB a 
interface 
Orbit accepts 
data base to films (B 


Customer approval from 
film to first plate * [:) 





Wafer fab start : 

to completion le] 
Double poly start 

to completion [J 
Double metal start 

to completion 3 [| 





ib 


25 cut and goes 


“Typical customer approval 





What others promise, we guarantee. 


For information, please contact Gary Kennedy, President. 

1230 Bordeaux Drive, Sunnyvale, California 94089 

Telephone (408) 744-1800 TWX 910-339-9307 

FAX (408) 747-1263 A subsidiary of Orbit Instruments Corporation. 
CIRCLE NO 33 


TECHNOLOGY UPDATE 











Developing military semicustom ICs 


The design of military ICs is generally similar to 
that of commercial devices. The dissimilarities 
occur in the fabrication and testing of the ICs, in 
which the military dictates stringent testing re- 
quirements. The IC manufacturer must have the 
facilities and procedures in place and qualified be- 
fore he can guarantee that your ICs meet military 


standards. 


During design, you must take into account the 
wider temperature range of military applications. 
In the accompanying article, the effect of tempera- 
ture on predicted performance is shown in several 
of the examples. In addition, high levels of radia- 
tion can degrade the performance of ICs by as 
much as 50%. You need an estimate of the perform- 
ance degradation under the level of radiation re- 
quired by your project. The degradation caused by 
radiation must be included with degradation from 
voltage and temperature variations in your timing 


simulations. 


Testing requirements of military ICs are more 
stringent than those for commercial ICs because 
military spees often dictate a specific level of fault 
coverage. For example, a draft of Air Force regula- 
tions regarding microcircuits requires that test 
vectors detect 95% of all possible faults on an IC. 
Commercial devices, on the other hand, might re- 
quire only functional and ac verification. You 


demonstrated immunity to radia- 
tion. Currently, the most stringent 
criteria sets the total dose of radia- 
tion at 10° rads. This criteria would 
hold for ICs subject to nuclear 
blasts. Similarly, most space appli- 
cations, such as the Galileo probe to 
Jupiter, must meet a radiation tol- 
erance of at least 10° rads. Other 
military systems not subject to di- 
rect nuclear-bomb blasts or radia- 
tion in space may not need to meet 
these levels of radiation hardness. 
For the radiation-intensive appli- 
cations, substrate materials other 
than bulk silicon can offer higher 
tolerance to radiation. Both silicon- 
on-sapphire (SOS) and GaAs tech- 
nologies exhibit radiation immunity 
as high as 10° rads. RCA Solid 
State, Circuit Technology Inc, and 
Asea Hafo offer semicustom ICs 
that use CMOS SOS processes. 
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should have fault simulation included in your de- 
sign process to allow you to verify the level of fault 
coverage provided by your test vectors. 

Prototype semicustom ICs might not require full 
screening to verify the operation of a prototype 
system, but the chips intended for use will take 
considerably longer to qualify than commercial ICs. 


The extensive screening requirements add weeks 


receipt of order. 


to the delivery schedule of military ICs. For exam- 
ple, if your application requires that the manufac- 
turer burn-in your ICs for 1000 hours, then you 
add almost seven weeks to the delivery of the 
chips. Manufacturers of standard parts can screen 
ICs before you need them and deliver them upon 


When choosing a military-IC supplier, you have 
to consider more than gate density and product- 
line performance. Dale Wilson, sales manager of 
Circuit Technology Inc’s IC Div, lists other factors: 


military circuit experience, design and manufactur- 


Manufacturers of GaAs semicustom 
ICs appear in Ref 2. These techno- 
logies are best for applications re- 
quiring very high immunity to radi- 
ation, and they are more expensive 
than bulk-silicon products. 


Suppliers test for rad hardness 


Many suppliers of semicustom ICs 
are now undergoing or have com- 
pleted tests to determine the radia- 
tion hardness of their products. For 
example, Honeywell specifies that 
its HM Series bipolar arrays and its 
HC Series CMOS arrays withstand 
10° rads. Applied Micro Circuits 
Corp (AMCC) offers ECL arrays 
that tolerate a total dose of 7x10° 
rads and conform to MIL-STD- 
883C. To simplify the design of its 
arrays, AMCC offers its Macro- 
matrix CAE software for Daisy, 
Mentor, Valid, and Tektronix work- 


ing documentation, in-house screening and qualifi- 
cation facilities, provision for customer and govern- 
ment inspections, and assembly controls and 
quality-assurance functions. These factors are nec- 
essary to ensure that you can monitor the entire 
chip-development process, from design documenta- 
tion through final electrical test, to both the gov- 
ernment’s and your satisfaction. 


stations. The software includes 
logic macros, a net-list translator to 
convert the workstation format into 
AMCC’s format, a test-pattern for- 
matter, engineering-rules checkers, 
and an annotation program for 
including layout delays in logic 
simulations. 

Another manufacturer of radia- 
tion-hardened arrays is Fairchild, 
whose FGC and FGE Series devices 
have recently been specified at the 
10®-rad level. Measured under the 
supervision of US Army personnel, 
six devices from each series oper- 
ated within functional specifications 
after total doses of 10° rads; in addi- 
tion, two devices from each series 
sustained exposure to 2Xx10° rads 
without failure. Another measure of 
radiation hardness, dosage-rate 
(transient) hardness, specifies an 
IC’s ability to withstand transient 
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radiation bursts lasting between a 
few and hundreds of nanoseconds. 
The FGC arrays withstand 510° 


UPDATE 





For military applications requir- 2-input gates, and Fairchild esti- 
ing low power consumption, there- mates that you can use 80% of the 
fore, the CMOS FQGC arrays can available gates in a typical design. 


rads/sec of transient radiation; meet most radiation-hardness The arrays support clock rates as 


the FGE arrays withstand 5x10” 
rads/sec. 


specs. Arrays in the series contain high as 50 MHz typ, and because 
between 540 and 6000 equivalent devices spec’d over the military- 





The cost of military semicustom ICs 


Military semicustom parts have price policies simi- 
lar to those of commercial gate arrays. You pay a 
nonrecurring engineering (NRE) charge for devel- 
opment, fabrication, and assembly of your chips. 
The NRE charge includes a few prototype chips 
(usually between 25 and 50) for test and verifica- 


tion. The manufacturer performs dc tests and often 


critical-path ac tests but does not perform exten- 


sive characterization and screening as part of the 
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NRE price. Prototypes don’t always need the full 
screening required by production chips for finished 
products, so the vendors keep these charges op- 
tional in case your prototype systems need to meet 
only functional specifications. 

To clarify the pricing policy of its military prod- 
ucts, Siliconix announced a 5-point program in De- 
cember for its 3- and 5-um CMOS gate arrays. The 
program guarantees certain price and delivery 
schedules and thereby eliminates some typical am- 
biguities inherent in customer-designed products. 
First, Siliconix provides its design tools free to 
customers who agree to develop an IC with the 
company. Next, the NRE charge is firm, barring 
changes that affect more than 10% of the work 
already completed. Third, the company guarantees 
a delivery date provided you guarantee to bring 
the design into production. Fourth, the NRE 
charge provides for 100 prototype ICs, often 
enough for an entire military program. Finally, the 
company guarantees a mask-level second source. 

Hughes Aircraft supplies potential customers 
with an estimate of gate-array development costs. 
The figures are not specific charges but rather 
guidelines to help you estimate costs before you 
devote time to writing a formal request for quota- 
tion (RFQ). Hughes states that only a formal RFQ 
results in a firm price estimate, and the RFQ must 
include chip characterization and screening require- 
ments in addition to design considerations. 

The basic NRE charge for a Hughes array 
ranges from $30,000 to $100,000. The wide varia- 
tion is caused by the variety of technologies and 
array sizes offered by the company. The charge 
includes workstation software for design and simu- 
lation, design verification, placement and routing, 


production of masks for IC fabrication, wafer fabri- 


cation, and prototype assembly. In addition, the 
NRE charge covers the development of a test pro- 
gram that can range to as many as 4000 test vec- 
tors and six critical-path ac tests. Computer time 
for simulation and for placement and routing is also 
included, as is eight hours of consultation with the 
company’s engineers. If you need to make a second 
pass of your design after prototype fabrication, you 
can expect to pay between 60 and 100% of the 
original NRE charges. 

Hughes lists several additional charges for array 
development that you might incur, depending on 
the requirements of your design. For example, if 
you have Hughes burn-in your ICs, you'll pay be- 
tween $800 and $1500 for burn-in boards that con- 
tain between six and 30 sockets for ICs. Consulta- 
tion beyond the eight hours in the NRE charge 
costs $800 a day, and test vectors beyond 4000 cost 
$10 each. If Hughes develops a special macrocell 
for your design, the company charges between 
$5000 and $20,000, depending on cell complexity. 
Hughes can produce detailed documentation of the 
development and manufacture of your IC for $5000 
to $15,000. Finally, military qualification according 
to MIL-STD-8838C subgroups A, B, C, and D costs 
$9500 plus the cost of destroyed samples, typically 
$300 to $400 each. 

Because military parts require more screening _ 
than commercial parts, they cost more. Also, mili- 
tary temperature and stress requirements almost 
always necessitate the use of expensive packages. 
As a result of variations in screening and packag- 
ing costs, military semicustom-IC suppliers often 
decline to estimate the typical cost of production 
ICs until they get an RFQ and manufacturing- 
volume estimate. Those who do comment on unit 
costs estimate that military semicustom ICs cost 
two to three times as much as commercial ICs once 
in production. Hughes’s guidelines quote produc- 
tion-IC unit cost between $150 and $700, depending 
on quantity, utilization of available gates, and pro- 
cessing technology, in addition to packaging and 
screening flow. 
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SPRAC : | f Sprague MIL Style CWR06 Solid Tantalum Chip Capacitors, manufactured to 
MIL-C-55365/4, have ‘P’ level approval. Smaller than many ceramic chip capacitors, 
At they're compatible 
CWR06 TANTALUM CHIPS 22 
assembly techniques, 
‘P’ LEVEL APPROVALZS2 
@ expoxy bonding 


and thermal compression bonding. In the smallest size (100 mils L. x 50 mils W.), capacitance values range from O.1 uF at 
SOWVDC to 2.2 uF at 4WVDC. In the largest size (285 mils L. x 150 mils W.), capacitance values range from 4.7yF at 
SOWVDC to 100 uF at 4WVDC. These chips are also available as Sprague Type 194D capacitors for commercial and 
industrial applications. Sprague Electric Company, a Penn Central unit, Worldwide Hdgtrs., 

Lexington, MA. Write for Engineering Bulletin 3534C to Technical Literature Service, Sprague 


Electric Company, 41 Hampden Road, Mansfield, MA 02048-1807. 
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Macrocell gain blocks implement op amps or comparators on Raytheon’s RLA120 linear 
array. You specify the layout for each block (dotted line) to determine if it operates as an op 


amp or as.a comparator. 





temperature range exhibit gate de- 
lays 88% longer than those of com- 
mercial devices, the arrays should 
support a 27-MHz (50 MHz~+1.83) 
clock frequency over the military- 
temperature range. Fairchild esti- 
mates worst-case power consump- 
tion of the arrays to be 1W. 

For applications requiring high 
speed, the ECL FGE Series arrays 
can support clock frequencies as 
high as 600 MHz typ. The four prod- 
ucts in this series contain between 
100 and 2840 equivalent 2-input 
gates and between 21 and 120 I/O 
circuits. They can operate in both 
10K and 100K ECL circuits, and the 
largest array, the FGE2500, can 
also interact with TTL-level cir- 
cuits. The cell library for the FGE 
Series contains cells with varying 
speed and power specifications, al- 
lowing you to save power in the 
parts of your design that don’t re- 
quire the maximum speed of the 
array. Still, the largest arrays dissi- 
pate between 4 and 8.5W, necessi- 
tating the use of a heat sink on the 
chips’ pin-grid-array packages. 
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Fairchild offers two advantages 
for military designers who need fast 
turnaround of semicustom-IC proto- 
types. First, the company uses an 
in-house Cray 1-S2000 supercom- 
puter for logic and fault simulation 
and for layout design. The super- 
computer speeds the simulation and 
layout of gate arrays; for example, a 
2000-gate ECL array fault simula- 
tion that requires 48 hours on a 
VAX 11/780 computer requires only 
one hour on the Cray. Similarly, 
automatic placement and routing of 
a 6000-gate CMOS array takes 15 
minutes on the Cray, vs three hours 
on the VAX. 


E-beam speeds prototyping 


The other advantage Fairchild of- 
fers is its electron-beam (E-beam) 
lithography system. The E-beam 
system writes the pattern of a par- 
ticular layer onto a wafer’s photore- 
sist material, eliminating the need 
for the masks required with optical- 
lithography systems. By skipping 
the mask-making step, the E-beam 
system reduces prototype turna- 





round time by two weeks or more. 
Depending on backlog, Fairchild 
hopes to turn around ECL array 
prototypes in two weeks. Similar 
turnaround times for CMOS designs 
should be available this year. For 
comparison, manufacturers typical- 
ly claim to deliver prototypes in six 
to 10 weeks. 

Offering the highest level of inte- 
gration for military applications, U 
Series CMOS gate arrays from 
Hughes Aircraft contain between 
1040 and 40,000 equivalent 2-input 
gates. These arrays use a 
channelless (sea-of-gates) architec- 
ture that contains no dedicated wir- 
ing channels. The company’s layout 
software dynamically assigns wir- 
ing channels as it connects macros 
using an interconnect grid within 
each array’s cells. Therefore, some 
of the cells contain only wiring, and 
others implement macros. The com- 
pany claims to use 60% of the avail- 
able gates for logic, so for the larg- 
est array in the series you can 
implement the equivalent of 24,000 
2-input gates. 

U Series arrays spec internal 
gate delays as short as 400 psec, and 
counters on the arrays can operate 
at frequencies as high as 200 MHz. 
They offer as many as 248 I/O pins, 
and the output buffers can drive six 
TTL loads. Turnaround time for 
these arrays averages eight weeks. 

Hughes also offers a line of CMOS 
gate arrays that use a more conven- 
tional architecture. This line, the 
Quad Logic Array family, contains 
four arrays that provide 2000 to 
8000 equivalent 2-input gates. The 
Quad Logic name describes the 
basic cell in the array, which con- 
tains two 2-input and two 3-input 
gates, resulting in an architecture 
that, according to the company, 
minimizes the number of gates per 
macro function and maximizes rout- 
ing efficiency. Delay of internal 
gates is 1.4 nsec, supporting clock 
rates as high as 35 MHz typ. At 
125°C, performance degrades 30%; 
a 10% drop in supply voltage (from 
0.0 to 4.5V) slows the array circuit- 
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Analogic’s new ADAM -826 family of 





_ our competitors may not have this capability 
























- modular A/D converters, with true 16-bit geereary =  cither). That’s why we put each ADAM-826 
accuracy at throughputs exceeding eee: through the industry’s most exhaustive 
500 kHz, offers performance that its suumamelee- testing procedure. Every single code is 
competitors do not even approach. 4 3 a tested over the full operating temperature 


The ADAM-826 is a 16-bit, 1.5yus 
analog-to-digital converter available with 
or without input buffer or sample-and- 
hold amplifier. In any of its three in- 
put configurations, the ADAM-826 | 
represents the ultimate combination | 
of conversion rate, accuracy, and . 
flexibility in a compact, cool- | 
running package. 

If your design requirements in- 
volve automatic test equipment, 
analytical instrumentation, digital 
audio, or any other application 
requiring very high-speed, high 
resolution, precise data conver- 
sion, there is an ADAM-826 to 
meet your needs. 

At Analogic, we know our 
customers will depend upon 
the ADAM-826 to perform as — ia hi call or write: 
specified. We also know they may not have the Dick Cummings — (617) 246-0300 


* range, for a total of well over one-quarter 

_. billion measurements! Every ADAM-826 

_, is delivered with its own test report verify- 

= ing performance. 

| With true 16-bit accuracy at con- 

_, version rates of 500 kHz and 

, higher, the ADAM-826 is the only 

_. commercially available, 16-bit, 

/ modular A/D converter with 

proven performance specifica- 
tions approaching laboratory 

standard parameters. 

And it is available only from 

, Analogic. The Company that 

set the standard for data con- 

| version has.just set a new one. 

_ The ADAM-826 performs as 

| specified. We guarantee it. 
For more information, 


capability to make the necessary measurements to Analogic Corporation 
verify performance... (not surprisingly, many of 360 Audubon Road, Wakefield, MA 01880 


Believe it! 
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Fig 1—To evaluate the performance of its arrays, VTC offers such evaluation chips as the 
VJ801. You have access to a 733-type op amp, a bandgap reference, a 4-bit counter, a 
current-mode-logic (CML) bias generator, and three transistors. 


ry 15%, so worst-case clock frequen- 
cy should be 23 MHz (35 
MHz~+1.30X1.15). 


First bipolar standard cells 


For higher-performance digital 
designs, you can use the first bipo- 
lar standard-cell library, the 
VL2000. Offered by VTC, it in- 
cludes high-power cells that exhibit 
440-psec internal gate delays, allow- 
ing clock rates as high as 500 MHz 
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typ. The library includes such typi- 
cal SSI and MSI cells as logic gates, 
registers, decoders, and multiplex- 
ers. The company is developing 
some higher-level cells like bit-slice 
ALUs and RAMs that should be 
available by March 1986. A/D and 
D/A converters should be available 
later in the year. Most cells have 
two power-speed versions; the high- 
speed version consumes three times 
the power of the low-power version 


but is twice as fast. For example, a 
D-type flip-flop in the high-speed 
version exhibits an 875-psec signal 
delay and dissipates 4.5 mW; the 
low-power version has a 1900-psec 
delay but dissipates only 1.5 mW. 

Like the manufacturer’s linear ar- 
rays, the VL2000 Series has a com- 
panion design system and evalua- 
tion chip to help you design your 
circuit. The VL2000 design system 
runs on a Mentor workstation and 
includes a logic simulator with delay 
calculations for logic and timing 
analysis. Unlike the case with ar- 
rays, the manufacturer performs 
layout. The evaluation chip, the 
VL2001, has two D-type flip-flops 
and two latches, one each of the 
high- and low-power versions. The 
chip has buffers to work with 10K ~ 
ECL circuitry. 

For VL2000-based designs, you 
calculate worst-case delay over pro- 
cess and temperature by multiply- 
ing your simulation results by the 
company’s derating factors. Worst- 
case variation caused by processing 
requires a multiplication factor of 
1.4; operation at 125°C derates the 
delay calculation by 1.25. For worst- 
case processing and temperature 
delay, you derate the results of your 
timing simulation by 1.738 
(1.25x1.4). For military designs, 
therefore, the maximum clock rate 
that you could expect is 289 MHz 
(500 MHz~+1.73). 

CMOS standard-cell ICs that 
meet military specifications are also 
available. Joining Hughes in this 
product area is NCR, which last 
September made its 3-um CMOS II 
standard-cell library available for 
military-IC designers. The library 
has been available for commercial 
ICs through the company’s Fort 
Collins, CO, facility since 1981. 
NCR’s plant in Miamisburg, OH, 
which has produced military stand- 
ard products, provides military pro- 
cessing for the library. The primary 
change in the library for military 
ICs is new worst-case parameters to 
take into account the wider temper- 
ature variation of the military ICs. 
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DC/DC CONVERTERS 
TAILORED TO YOUR SPECS 


We custom-design converters, from | to 150 watts, to fit the most specialized applications. And we offer you the 
services of our design team who will work with you in developing your specifications and will follow them through 
from prototype to final production. 

Intronics’ converters are tailored to your specifications, with innovations that define state-of-the-art. Innova- 

tions such as 100kHz MOSFET switching, the flexibility of Computer Aided Design, the dependability of Automatic 
Test Equipment and the reliability of elevated-tempera- 
ture burn-in. And these are just a few of the vital compo- 
nents of our “total design effort’ that is unmatched in 
the industry. 

So the next time your system demands customized 
DC/DC converters, demand no less than the state-of-the- 
art technology of Intronics. A “total design effort’ 
backed by our longstanding reputation for quality- 
volume production—your assurance of a perfect fit for 
your custom application needs. 


Iintronies 


57 Chapel Street, Newton, MA 02158 (617)964-4000 + TWX710-335-6835 TELEX 200095 INTLUR 
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For example, the library’s RAM cell 
specs a maximum access time of 200 
nsec for the commercial tempera- 
ture range vs 225 to 250 nsec in the 
military range. The library has not 
been tested for radiation hardness. 

More arrays supporting linear de- 
signs are becoming available for 
military systems. VTC offers its an- 
alog master chips, the VJ800, 
VJ830, and VJ860. The VJ800 is 
currently available, and the other 
two devices will be available by 
March. Each of the arrays is avail- 
able with predesigned circuits so 
you can evaluate their performance 
(the evaluation chips have the desig- 
nation VJXX1). For example, the 
VJ801 contains a 733-equivalent op 
amp, a bandgap voltage reference, a 
4-bit current-mode-logic (CML) 
counter, a CML bias generator, a 
0.5-mA npn transistor, an 8-mA 
Schottky npn transistor, and a lat- 
eral pnp transistor. . 

The op amp on the VJ801 com- 
pares favorably with standard op 
amps. It can provide three levels of 
gain—10, 100, or 300—depending 
on how you connect four gain-con- 
trol pins on the IC. At the lowest 
gain setting (10), the op amp specs a 
typical bandwidth of 130 MHz when 
it drives a 15-pF load from a 500 
source. At a gain of 300, the op amp 
shows a rise time of 7 nsec and 
propagation delay of 6.5 nsec. In 
comparison, Texas Instruments’ 
wA733M military-temperature op 
amp specs a 10.5-nsec rise time and 
a propagation delay of 7.3 at a gain 
of 400. Therefore, the array’s op 
amp delivers roughly the same ac 
performance as the Texas Instru- 
ments standard part. The standard 
part’s CMRR is better than the 
semicustom part, however, at 86 vs 
75 typ. Fig 1 shows the VJ801 cir- 
cuitry that you can use to evaluate 
the performance of the array. The 
device comes in a 40-pin side-brazed 
ceramic DIP, although the array is 
also available in plastic DIPs, flat- 
packs, tape-automated bonding 
packs, and plastic chip carriers. 

‘The VJ800 array comprises 636 
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transistors, 706 resistors varying in 
value from 1500 to 15 kQ), 18 5-pF 
junction capacitors, and 40 bonding 
pads. The seven types of npn tran- 
sistors on the array have a typical 
beta value of 100, fr of 180 MHz, and 
current rating Ic between 0.5 and 
180 mA. The 36 pnp transistors fea- 
ture dual base contacts, 0.16-mA 
current rating, and a typical beta 
value of 120. The resistors include 
three types of diffused devices and 
two types of implanted devices. Ab- 
solute tolerance is 20%; for tighter 
tolerances, you can design circuits 
that depend on the ratio of resis- 
tances and take advantage of the 1% 
matching tolerance of the diffused 
resistors. (See Ref 3 for a discussion 
of passive components in linear-ar- 
ray design.) 

Two other arrays, the VJ830 and 
VJ&860, provide transistors, resis- 
tors, and capacitors similar to those 


of the VJ800, but they are smaller 


arrays. They don’t, however, in- 


clude the 180-mA npn transistors. 


Each array has a corresponding 
evaluation chip (the VJ831 and 
VJ861) that allows you to test the 
on-chip components. Unlike the 
VJ801, these evaluation chips have 
no op amp or CML bias generator. 

To design any of the VTC arrays, 
you purchase the vender’s design 
system for the particular array. 
These systems include data sheets 
for the arrays, a user’s guide, a 
design manual, and a Mylar plot for 
laying out your chip. Also, you get 
component data so you can model 
the components for Spice simula- 
tion. The modeling information 
comes on a floppy disk compatible 
with Apollo workstations to use 
with the Mentor Graphics 
(Beaverton, OR) design work- 
stations. Using the design system, 
you create a net list of your circuit 
and evaluate it using Spice. Notes in 





For more information... 


For more information on the semicustom ICs described in this article, 
contact the following manufacturers directly or circle the appropriate num- 
- bers on the Information Retrieval Service card. 


Applied Micro Circuits Corp 
5502 Oberlin Dr 

San Diego, CA 92121 

(619) 450-9333 

Circle No 707 


Asea Hafo Inc 

11501 Rancho Bernardo Rd © 
San Diego, CA 92128 

(619) 465-8200 

Circle No 708 


Circuit Technology Inc 
160 Smith St 
Farmingdale, NY 11735 
(516) 293-8686 

Circle No 709 


Fairchild Gate Array Div 
1801 McCarthy Blvd 
Milpitas, CA 95035 

(408) 942-2672 

Circle No 710 


Honeywell Inc 

1150 E Cheyenne Mountain Blvd 
Colorado Springs, CO 80906 
(800) 328-5111 
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Hughes Semiconductor Div 
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Newport Beach, CA 92658 
(714) 759-2727 
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Raytheon Semiconductor Div 
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Mountain View, CA 94039 © 

(415) 968-9211 
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Tektronix Integrated ccimnecs Dperation 
Box 500, M/S 59-420 : 
Beaverton, OR 97077 

(503) 627-2515 : 
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VTC Microcircuits Div 
2800 E Old Shakopee Rd | 
Minneapolis, MN 55420 
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the design system explain linear- 
array design methods, and the man- 
ual covers such topics as parasitic 
impedances, I/O-port circuits, and 
gauging reliability. Once you're sat- 
isfied with the net-list simulations, 
you can lay out the chip on Mylar or 
have VTC do it for you. 


Macrocells make op amps 


Raytheon offers MIL-STD-8838C 
processing for its RLA120 linear 
macrocell array. This array differs 
from the previous arrays because, 
in addition to uncommitted transis- 
tors and resistors, the RLA120 con- 
tains 12 macrocell gain blocks. Ray- 
theon provides a layout that 
converts any of the gain blocks into 
either an op amp (4558-, 324-, or 
3403-type) or a voltage comparator 
(339- or 365-type). The layout that 
customizes the gain blocks uses the 
same metal mask that defines your 
interconnection pattern, so you de- 
termine the function of each gain 
block and interconnect the blocks 
with the other components in the 
array. 

The company supplies three eval- 
uation chips with the macrocell gain 
blocks specified and connected to 
pins so you can evaluate array per- 
formance. The 4558-type op amps 
spec a unity-gain bandwidth as high 
as 20 MHz; the maximum input off- 
set voltage over military tempera- 
tures does not exceed 6 mV. Both 
the CMRR and PSRR exceed 70, 
and the output voltage can swing 
between —10 and +10V min if you 
use +15V power supplies. The eval- 
uation chips come in 16-pin DIPs, 
but Raytheon offers a choice of plas- 
tic or ceramic DIPs and leadless 
chip carriers that have between 14 
and 24 pins. 

Tektronix, which entered the lin- 
ear-array market last May, can 
process its three bipolar arrays to 
military standards. These arrays, 
called Quickchips, feature npn tran- 
sistors with a typical fr of 6.5 GHz, 
the fastest silicon-array transistors 
available. Quickchip 1 contains 18 
transistors and 18 resistors, so it is 


useful for implementing small de- 
signs. Quickchips 2 and 8 offer hun- 
dreds of transistors and resistors 
and employ a cell-based architecture 
that simplifies the design of more 
complicated linear devices. Quick- 
chip 3 does not include the 6.5-GHz 
transistors found on Quickchips 1 
and 2, but it contains high-voltage 
transistors that spec a collector- 
base breakdown voltage (BVcgo) of 
65V and a collector-substrate break- 
down voltage (BVcs) of 95V min. 
In general, where the commercial 
semicustom-IC market goes, so 
goes the military (eventually). The 
trend toward higher integration and 
automation is leading many com- 
mercial semicustom-IC companies 
into silicon-compiler approaches, 
and military-IC companies are fol- 
lowing. Along these lines, Silicon 
Compilers Ine (San Jose, CA) has 
entered into agreements with two 
military-IC manufacturers to hasten 
the development of military-speci- 
fied processes that can fabricate de- 
signs created with Silicon Compil- 
ers’ tools. Honeywell has provided 
design rules for its CMOS III pro- 
cesssing technology for Silicon 
Compilers’ Genesil design system, 
and the companies will design and 
fabricate a test chip to verify its 
performance. Silicon Compilers has 
also entered into an agreement with 
General Dynamics (St Louis, MO) to 
further the compiler company’s ex- 
perience in the design of military 
ICs. EDN 
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Unique, low-power CMOS ICs 
are total dose hardened to 
more than 1 x 10° rads (Si). 


Only Harris Custom Integrated Circuits Division (CICD) 
can deliver rad-hard gate arrays and standard cells with 
all the high-performance, low-power benefits of CMOS 
— plus the added advantage of proven high reliability. 

They’re total dose hardened to meet specifications at 
greater than 1 x 105 rads (Si). They’re latchup-free. And 
they're available now! 

Harris rad-hard CMOS gate arrays and standard cells 
are TTL compatible and built with an exclusive process 
for the ultimate in hardened-bulk CMOS — a proven 
choice for low power consumption and highest reliability 
in satellite systems and tactical weapons. : 

Since they don’t require external shielding, they 
automatically reduce your system size and weight. 

We make it easy to design our rad-hard CMOS gate 
arrays and standard cells to your exact device specs: 
choose from package options including Flatpacks, DIPs, 
Leadless Chip Carriers (LCCs) and Pin Grid Arrays. 

Select from the vast range of Harris proven rad-hard 
ICs — your total system solution — available now: 


e Memories e Microprocessors 
e Multiplexers e Peripherals 

¢ Op Amps e Gate Arrays 

¢ Analog Switches e Standard Cells 


We offer you Daisy™ and Mentor™ workstation com- 
patibility. From logic capture to finished products, we 
know how to work with you — and can offer a number 
of interface options that let you select your own level of 
involvement. 

And you can bank on our experience. For more 
than two decades, Harris has been involved in major 
aerospace and strategic/tactical military programs. As a 
top ten IC manufacturer, we have facilities that are 
COMSEC-cleared for classified communication 
applications. 

For the technologies, the processes and the ex- 
perience to meet your total hi-rel needs, turn to Harris 
CICD — the proven performer. 

Contact: Harris/MHS Semiconductor Sales Ltd., 
Eskdale Road, Winnersh, Wokingham, Berks, 

RGI1I] 5TR, England. 


Harris Semiconductor: Analog - Bipolar Digital 
CMOS Digital - Gallium Arsenide - Semicustom - Custom 
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Introducing Tektron 


A Full Family of Integrated Design 
And Test WorkSystems:” 
All From Tektronix. 


We've integrated a complete family of 
powerful electronic design and test 
WorkSystems with our distributed 
designer's database. 
Each WorkSystem is an integrated 

set of design tools addressing a 
specific area of your electronic design 
cycle. Together, they give you all the 

tools for your entire devel- 
opment process. Including | 
design capture, documen- 
tation, verification, test and 
measurement, PCB and IC 
layout, and production test. 





























































UNIX is a trademark of AT&T Bell Laboratories. 
VMS, DEC, VAX and MicroVAX are trademarks of Digital 
Equipment Corporation. 


Copyright 1985. All rights reserved. 





Aided Engineering. 








Our WorkSystems are flexible. You can also concurrently design and as wellas DEC™ VAX" computers, from 
_ They feature open architecture so you debug software with our Software the MicroVAX" workstation through 
can add new tools or integrate your Development WorkSystem” And since 8600's. Plus Apollo workstations. 
existing tools. Always protecting your no design system is complete without And with our unique human interface, 
design investment. And each of our the complete integration of prototype the WorkSystems are easy to learn, and 
WorkSystems work on a variety of hard- | verification and test, our Jest and easy to use. All of which means as your 
ware platforms. Measurement WorkSystem” does just designs become more complex, your 
Divide And Conquer With that. It lets you compare virtual hardware design environment doesnt. That's 
and real hardware. Tektronix Aided Engineering. 

Our WorkSystems. 
With our Tektronix Aided 


Engineering WorkSystems, 
your entire design team is off 
and running. All at the same 
time. All sharing information. 
The Designers WorkSystem™ 
helps you find simple answers 
to difficult problems by inte- ! 
grating design capture and =! eae een 
verification tools. You can even 





Quit designing hardware the hard Layout’s best laid plans come Find out how good your good ideas 





test ideas while they're only way. The Designer's WorkSystem from the Gate Array WorkSystem, are by comparing virtual and real 
ideas with our M ultiSim™ gives you all the tools for design Standard Cell WorkSystem, hardware with the Test and Measure- 
capture, and verification. Structured Custom WorkSystem, ment WorkSystem. Link up to test 
simulator family. Full Custom WorkSystem, and and measurement devices. 
For automated IC layouts, PCB WorkSystem. 
choose among our Gate Array seeeeeeeemmennnes memes | 
WorkSystem,” Standard Cell Worksys- It's The Database That Makes Our We've Told You Most Of The Story. 
tem™ Structured Custom WorkSystem,” WorkSystems Work. The Name Tektronix Tells You The Rest. 
and Full Custom WorkSystem: Plus, for At the heart of Tektronix Aided Engineer-| Only Tektronix could put together such 
getting your PC boards off the drawing | ing is our powerful, networked designer's | a complete and integrated system of 
board, there's our PCB WorkSystem” database. It stores and gives you easy design and test solutions. One as 
Match the WorkSystem to the task with access to all your design information. reliable as our name. And with all the 
popular layout software. It also lets you partition designs for worldwide service and support you've 
true team engineering. So everyone come to expect from Tektronix. 
works in parallel, and cooperatively, with For more information on Tektronix 
access to the entire project. Aided Engineering and our Work- 


C lete Soluti Systems, call us today at 800/547-1512 
mea ee ne ot (in Oregon, 800/542-1877). Or write: 
AIG Wald InGepeeeree: Tektronix, CAE Systems Division, 5302 


Because you work on differentcom- | Betsy Ross Drive, Santa Clara, CA 95054. 
puters, so do our WorkSystems. We ve 


obsoleted planned obsolescence by 
allowing the database to run in 
UNIX™ and VMS" environ- 
ments. Therefore, you 

can work on our 
TekStation” AT, 
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Over 25 CPUs 
Supported (see drawer) 
Over 800 industrial 
quality I/O boards 

8 and 16-bit 
microprocessors 
Multiple processor 
systems 

Over 120 STD BUS” 
manufacturers provide 
choice 

Compact and rugged 
AV x 6Y2-inch form — 
actor 

CMOS versions 
available 
Manufacturer's group 
(STDMG) ensures 
vendor compatibility 
Cost-effective: Average 
multifunction CPU 
board $300-500 

M Wide variety of 
Operating systems and 
languages. 
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Ruggedized IBM PCs and compatibles 
serve in low-cost industrial systems 


Chris Terry, Associate Editor 


If you're designing a compact com- 
puter system for use in harsh indus- 
trial environments, consider basing 
your system on the IBM PC/XT, 
PC/AT, or a compatible machine or 
CPU board. You can design a PC- 
based system that can handle al- 
most any application that an indus- 
trial system based oon a 
minicomputer—such as the DEC 
LSI-11—<can handle, but at roughly 
half the cost of a minicomputer sys- 
tem. Moreover, software for PC- 
based systems is relatively inexpen- 
sive, and system-development time 
ean be relatively short. 

Prices for industrial Multibus-, 
VME Bus-, and Q Bus-board com- 


puters start at approximately 
$20,000. By comparison, an indus- 
trial PC costs approximately 


$12,500. And although these more- 
expensive Multibus-, VME Bus-, 
and Q Bus-board computers are de- 
signed specifically for industrial 
use, you may still have to put them 
into NEMA enclosures before you 
can use them on the factory floor. 

To operate in very harsh industri- 
al environments—for instance, in 
the presence of vibration or dust, or 
in a corrosive atmosphere—a PC- 
based system will also need a 
NEMA enclosure, but an enclosure 
for a PC will be much smaller and 
less expensive than one for a mini- 
computer. 

Only a few vendors—such as 
IBM, Amdex Corp, and Sigmation 
—supply complete industrial micro- 
computer systems. IBM offers the 
5531 and 7531, which are industrial 
versions of the PC/XT and PC/AT. 
Both computers are housed in heavy 
steel enclosures. Each system in- 
cludes a filter, a cooling fan, a ther- 
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Bubble memory can replace disk storage in the Amdex RPC-50, a rugged industrial 
computer that’s compatible with the IBM PC/XT. 


mal sensor for overtemperature 
shutdown, a locking door for the 
disk drives, and an internal retainer 
that holds plug-in cards in place. 
The keyboard is protected by a 
Mylar membrane, and the monitor 
screen has a plastic cover. 

The computers operate over 4 to 
41°C and withstand 8 to 80% non- 
condensing humidity. They tolerate 
vibration of 0.07g at 17 to 200 Hz 
and 0.035g from 200 to 500 Hz, and 
they can withstand 0.5g shock for 10 


msec. With 256k bytes of RAM, a 
10M-byte hard disk, and a color 
monitor, the 5531 costs $6779. With 
512k bytes of RAM, a 20M-byte 
hard disk, and a color monitor, the 
7531 costs $8994. The 7582, a rack- 
mount version of the 7531, costs 
$9860 and comes with the necessary 
rack-mounting hardware. 

Although the 5531 and 7531 are 
suitable for many heavy-duty appli- 
cations requiring continuous use of 
the computer (eg, climate control in 
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1240 and 1630 
were fine, 


Back in the days when logic analy- 
sis alone was enough to test your 
designs, Tek’s 1240* or HP’s 1630** 
served you well. 

But nowadays, your designs are 
more sophisticated and complex, com- 
bining microprocessors, ASICs, and 
discrete logic. And you're doing your 
software development in high-level and 
assembly language. So you need more 
than just logic analysis. You need a 
modular analysis system: the »Analyst 
from Northwest Instrument Systems. 

With the pAnalyst, high- 
performance state and timing analysis 
are only the beginning. Our Interactive 
Pattern Generator easily simulates 
outputs from even the most complex 
components. Or you can stimulate the 
inputs to your prototype system and 
analyze the results. 

And our SoftAnalyst is the only 
system designed for the special prob- 
lems of analyzing high-level language 
software. Now you can trace your soft- 
ware's real-time execution, analyze its 
performance, and make sure you’ve 
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Tek 1240 


State Logic | 
Analysis Yes Yes 


Channels | 36 57 
Trigger Levels 14 5 
Memory Depth 2K 1K 


State/Timing 
Correlation/ 
Display 









Timing Logic 
Analysis Yes Yes 


Acquisition Speed 100MHz 100MHz 
Channels 18 8 
Transitional Timing 











Pattern Generation 
Channels 
Speed 
Vector Depth 





































Software Analysis | assembly assembly 
only only 
Symbolic Trace No No 
Performance i 
Analysis Statistical | statistical | real-time — 
— fon-statistical 
Code Coverage No No Yes 


1240 includes 2-1240D1 & 2-1240D2 - 1630G includes 57 state/8 timing 
NWIS Analyst includes 80 state/16 timing 



























exhaustively tested your code—all in the 
high-level language you wrote it in. 

And, because the »Analyst is IBM 
PC-(or compatible) based, you have 
access to the wide range of PC-based 
engineering tools. : 

The pAnalyst has changed with the 
times. And will continue to change as 
your designs grow even more sophisti- 
cated. So if you're designing for 1986 
and beyond, get in touch with North- 
west Instrument Systems. Today. 

Call our support hot line 
800-547-4445 for our applications 
library or to schedule a demonstration. 


Semmes 





NORTHWEST INSTRUMENT SYSTEMS, EUROPE 
Am Eichenhag 12 
8160 Miesbach 
West Germany 
Phone (49) 8025-3260 
Telex 526938 
“Tek is a trademark of Tektronix, Inc. 
**“HP is a trademark of Hewlett Packard 
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large buildings), they may not be 
rugged enough for a really harsh 
environment such as a factory floor, 
where the atmosphere may be con- 
taminated with dust and metal par- 
ticles, and where the computer’s 
ease could be splashed with water 
and oil. To use these computers in 
such an environment, you'll have to 
put them into NEMA enclosures. 

Other vendors offer IBM PC- 
compatible systems that have 
greater tolerance of temperature, 
humidity, vibration, and shock. The 
PC/XT-compatible RPC-50 from 
Amdex, for instance, is much more 
rugged than the 5531, although it 
doesn’t offer as much storage as the 
IBM machine does. The RPC-50 op- 
erates over 0 to 55°C and with- 
stands 5 to 95% noncondensing hu- 
midity. 

The system is housed in a heavy 
steel case that’s sealed against liq- 
uids other than oil. The case also has 
pressurized cooling, which protects 
the unit from dust. To protect the 
computer from oil, you could enclose 
the case in a standard NEMA-4 or 
NEMA-12 cabinet. 

You can choose bubble-memory or 
hard-disk mass storage for the 
RPC-50. The hard-disk drive can 
tolerate 1g vibration along any axis 
from 10 to 350 Hz, and it can with- 
stand shocks of 10g for 8 msec. 
Because it has no moving parts, the 
bubble memory has even greater 
tolerance of vibration and shock. 
With 128k bytes of RAM, one serial 
port, and 128k bytes of bubble- 
memory mass storage, the RPC-50 
costs $3450; with a 10M-byte hard 
disk, it costs $3990. For $95, you can 
add 256k bytes of RAM. You can 
obtain as much as 1M byte of bubble 
memory (for an additional $3970), 
but the vendor must install it at the 
factory. 

Another complete system, the 
BC-12 industrial computer from Ac- 
tion Instruments, provides hard- 
ware and software compatibility 
with the IBM PC/XT. The system is 
modular in construction and is based 
on a passive PC bus. Housed in a 
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wall-mounting NEMA-1 enclosure, 
each board has a protective metal 
shroud that’s bolted to the frame to 
prevent displacement of the board 
by vibration or shock. The system 
comes with 256k bytes of RAM on 
the 8088 CPU board and has seven 
expansion slots for additional mem- 
ory and peripheral interface boards. 

The complete unit fits into any 
standard NEMA enclosure. The 
system operates over 0 to 55°C and 
in noncondensing relative humidity 
of 0 to 90%. The hard-disk version 
withstands continuous vibration of 
0.5g; the bubble-memory version 
can tolerate 2.5g vibration. An op- 
tional 512k-byte bubble-memory 
module plugs into the system bus. 
Including the chassis, power supply, 
8088 CPU/memory module, and a 
multifunction module with one seri- 
al and one parallel port, the BC-12 
costs $2995. 


Rugged mother boards 


Although developing your system 
around a complete industrial PC 
may get your product to market 
quickly, developing your system 
around a rugged CPU board will 
give you more flexibility in config- 
uring your system. You can start 
with a rugged mother board like 
Sigmation’s IBM PC/XT-compatible 
Turbo/XT or IBM PC/AT-compati- 


ble XT286, for example. The Turbo/ 
XT includes 64k bytes of RAM 
that’s expandable to 1M byte and a 
16-bit 8088 CPU that can address as 
much as 840k bytes of additional 
memory. The mother board sup- 
ports an optional 8087 numeric co- 
processor. 

The Turbo/XT’s CPU operates at 
8 or 4.77 MHz. The board has eight 
I/O expansion slots that support 
such boards as disk controllers, 
multifunction boards, local-area- 
network controllers, monitor con- 
trollers, and modems. Three DMA 
channels on the I/O bus support 
high-speed transfers directly be- 
tween the I/O devices and memory. 
The XT286, which runs at 6 or 8 
MHz, has six I/O expansion slots. 

Both boards operate over 0 to 
50°C and withstand noncondensing 
humidity of 0 to 95%. They tolerate 
0.07g vibration at 5 to 500 Hz and 
0.5g shock for 10 msec max. With 
704k bytes of RAM, the Turbo/XT 
costs $449 (100). The vendor also 
offers complete industrial systems 
based on these boards. 


The passive-mother-board scheme 


For even more flexibility in con- 
figuring your system, consider 
using the passive-mother-board 
scheme, in which the mother board 
acts merely as a passive bus, while 





You can build a compact industrial system around an IBM PC-compatible mother board like 
the Turbo from Sigmation. The Turbo includes an onboard, parallel printer interface; an 
asynchronous line interface; and support for a hard-disk drive. 
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the active circuitry (CPU, memory, 
I/O interfaces) resides entirely on 
plug-in boards. 

The passive-mother-board config- 
uration has several advantages. 
First, it makes system maintenance 
much easier—instead of dismantling 
the system to get at the mother 
board, you merely replace a board 
or two. And then, the scheme lets 
you upgrade an existing system 
merely by substituting a faster CPU 
board or adding a peripheral-inter- 
face board. To upgrade a standard 
PC unit, for example, you could add 
an accelerator board containing a 
fast CPU—such as an 80186, 80286, 
or 68000—which performs the main 
processing tasks while offloading 
I/O tasks to the original 8088 CPU. 

Another benefit of the passive- 
mother-board arrangement is that 
you can easily obtain CPU boards 
that offer more protection against 
high temperatures, humidity, vibra- 
tion, and shock than the IBM PC 
mother board offers. Vendors such 
as Faraday, Action Instruments, 
Gould Inc, and Amdex Corp offer 
CPU, memory, and interface boards 
that have specified operating ranges 
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of 0 to 60°C and 5 to 95% relative 
(noncondensing) humidity and that 
withstand shock and vibration bet- 
ter than do boards designed for 
commercial environments. 

Further, if you use the passive- 
mother-board scheme with state-of- 
the-art VLSI chips, you can build a 
system that’s much more compact 
than a standard PC, yet still fully 
compatible with the IBM machine. 
Faraday, for example, offers a PC/ 
XT-equivalent CPU on the Bus 
PC/256, a half-size board with a 
2-chip set of CMOS gate arrays that 
provides all of the CPU support 
circuitry. The board costs $695. The 
company’s Bus AT/512 puts a PC/ 
AT-equivalent CPU on a full-size 
card. The Bus AT/512 comes in two 
versions: a 6-MHz model ($1295) 
and an 8-MHz model ($1395). 

Basing your system on a PC or 
compatible machine will give you a 
wide choice of plug-in peripheral 
controllers as well. Plug-in boards 
for controlling such standard equip- 
ment as terminals, printers, and 
D/A and A/D converters are readily 
available from many vendors at a 
relatively low price. 


A board with two serial ports and 
a parallel port, for instance, may 
cost $200 to $300 for the PC bus. A 
similar board for the Multibus or 
VME Bus could cost as much as 
$450 to $650. Among the interface 
boards for the PC are Amdex’s in- 
dustrial-grade multifunction card, 
which costs $335. MetraByte’s 8- 
channel A/D converter card with 
12-bit resolution costs $395; the 
company’s 16-channel A/D convert- 
er with DMA data transfer sells for 
$945. 


Plug-in interface boards 

Data Translation’s DT801 Series 
boards provide as many as 16 A/D 
converter channels with 12- or 
16-bit resolution and sampling rates 
as high as 27,500 samples/sec. The 
DT2801 board costs $995. Another 
board, MetraByte’s Dash-16 16- 
channel A/D interface board, can 
handle as many as 4000 conversions/ 
sec using interrupt-driven or pro- 
grammed transfer to an array vari- 
able. The Dash-16 can handle as 
many as 90,000 conversions/sec 
using DMA transfer; it costs $945. 

If your system will include more 
exotic peripherals—such as gas 
chromatographs or liquid-flow in- 
strumentation—you may need to 
design a custom interface board. 
Your task will probably not be diffi- 
cult: IBM’s PC bus, which provides 
a standard hardware interface, is 
considerably simpler and less ex- 
pensive than Multibus, VME Bus, 
or Q Bus. In addition, the company 
has published full details of the bus 
and of the operating system, 
PC-DOS, which provides a standard 
software interface. So, whether you 
obtain peripheral-controller boards 
from a vendor or build your own, 
the boards will cost less than eompa- 
rable boards for minicomputer- 
based industrial systems. 

These industrial peripheral-con- 
troller boards may even eliminate 
the problem of obtaining industrial 
shielding for your computer. When 
you use plug-in boards to control 
peripherals in an industrial environ- 
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You don’t have to lose to Transients. 


The true test of any transient voltage suppressor Is the 
Clamping Voltage—the voltage appearing across the 
device when subjected to a high-energy transient pulse. In 
many instances, there is no direct relationship to the Joule | 
rating of a suppressor and the Clamping Voltage. Experi- — 90 
ments show that a 5 volt NMOS 64K RAM will fail destruc- 
tively with momentary excursions over the 13.5 volt V.. ee 
limit. Even low-energy ESD pulses can contain | 3 30 
currents in excess of 50 amps. Low-voltage metal oxide Be 
varistors, which will allow transients in excess of 25 volts to 
pass into your circuits, will not protect your ICs from upset 10 
and/or destruction. 

TransZorb® transient voltage suppressors have been 0 
designed specifically for |C and microprocessor protection. 
Every device is 100% tested for its Clamping Voltage at its 
maximum peak pulse current. TransZorb suppressors are 
the best cost-effective insurance policy you can buy to 
protect your voltage-sensitive circuits. For more informa- Va 
tion, call or write Bill Knauss at General Semiconductor. General 
TransZorb® is a registered trademark of General Semiconductor Industries, Inc. K wh 


Se 4 Semiconductor 
(1)Zaremba/Mansmann, Motorola, Inc., Powerconversion & Intelligent NG 
Motion, October, 1985. ae . Industries, Inc. 


Transient Protection SQUARE J) COMPANY 
With A Solid Reputation™ 








AMPS 














2001 West Tenth Place * Tempe, Arizona 85281 * (602) 968-3101 * TWX 910-950-1942 
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You can analyze and display instrumenta- 
tion data with the aid of MetraByte’s Asyst 
scientific software package. 


ment, you can put the actual com- 
puter in a remote location and run 
shielded cables to the peripherals. 
This scheme would give you even 
more flexibility in developing your 
system and cut costs even further. 
In fact, you wouldn’t have to use an 
industrial PC in your system; you 
could use any PC that could perform 
the necessary functions for your 
purposes. You could, therefore, use 
a standard PC/XT or PC/AT located 
in an office environment and house 
only the remote units in NEMA 
enclosures. 


Remotely locatable boards 

Among the remotely locatable 
boards available for the PC bus are 
MetraByte’s expansion multiplexers 
(the EXP-16 costs $365) and solid- 
state, optically isolated I/O control 
boards (the SRA-01, with 9 input or 
output modules, sells for $271). 
These boards communicate with the 
PC via a ribbon cable and a common 
interface board that plugs into a slot 
on the PC mother board. The 
boards operate over 0 to 50°C and 
withstand noncondensing relative 
humidity of 0 to 90%. The pe boards 
are thicker and use heavier traces 
than common pc boards. Further, 
because they’re clamped to the 
mother board, they withstand shock 
and vibration conditions of the mag- 
nitude likely to be encountered in a 
manufacturing environment. 

Other vendors, such as Action 
Instruments, supply similar inter- 
face boards, as well as microcom- 
puters for controlling and prepro- 
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cessing input and output signals. 
These boards communicate over an 
RS-422 link with a standard IBM 
PC/XT or PC/AT located in an office 
environment. The computer per- 
forms overall control and analyzes 
incoming data. 

Whether your application calls for 
custom software or software that 
you can buy off the shelf, you'll 
probably pay less for programs 
written for a PC-based system than 
for software that’s written for an- 
other, more complex, system. 


Software for your system 

Vendors of both plug-in and re- 
motely locatable interface boards 
supply software that, at the very 
least, allows the IBM PC to capture 
incoming data and store it on disk. 
Many vendors also supply analytical 
routines as part of the package. 
Depending on the application, these 
routines may include digital-signal- 
processing algorithms (such as FIR, 
IIR, and FFT), statistical algo- 
rithms, or graphics routines for the 
display of recorded or real-time 
data. 

MetraByte’s Labtech Notebook 
software ($895), for example, allows 
you to set up all the parameters for 
a data-acquisition run, with differ- 
ent sampling rates and scaling for 
each A/D converter channel. You 


don’t have to have any program- 
ming skills to use Labtech Note- 
book; you simply reply to software 
prompts, which elicit all the neces- 
sary information. You can save your 
replies in a command file that the 
program can use in future runs. 

MetraByte offers a $1695 version 
of Macmillan Software’s Asyst pack- 
age for the Dash-16 board. The 
package supplies such analytical 
routines as polynomial mathematics 
and evaluation, vectors and matri- 
ces, solutions to simultaneous equa- 
tions, fast Fourier transforms, and 
least-squares approximations. The 
Unkelscope package ($595), also 
from MetraByte, is designed for use 
with the company’s analog interface 
boards; it emulates an oscilloscope, 
chart recorder, or X-Y plotter and 
comes with digital filtering, inte- 
gration, and differentiation rou- 
tines. A number of other interface- 
board vendors make boards that are 
compatible with Labtech Notebook. 

Because your system will be IBM 
PC compatible, however, you won’t 
be limited to using your vendor’s 
proprietary analysis package. In- 
stead, you can use any spreadsheet 
or data-analysis program that runs 
on the IBM PC. 

Because the hardware and soft- 
ware interfaces for PC-compatible 
machines are standard and simple, 
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For more information on the IBM PC-compatible systems and software 
described in this article, circle the appropriate numbers on the Information 
Retrieval Service card or contact the following manufacturers directly. 
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Software ICE 


Blue box 


Thanks to Genesis’ ACCESS™ 86 soft- 
ware, you can save thousands of dollars 
on the cost of each development system. 
And you'll save a fortune in time to boot. 
With ACCESS 86, Intel software runs on 
an IBM® PC, XT or AT,™ using MS-DOS. 
And runs far better than it ever did on 
Intel’s machines. 


Choose any language—PLM/86, Fortran, 
Pascal or our special implementation 

of Mark Williams C. ACCESS 86 sup- 
ports all the Intel locating and linking 
utilities. If you already have the Intel 
software, just download it into your PC. 
If you don’t, it’s available directly from 
Genesis. ACCESS includes software to 
transfer files back and forth. 


New 8-bit capability Besides the 
8086 family of chips, Genesis now offers 
ACCESS II for Intel’s ISIS development 
software. With a single card or replace- 
ment chip in your PC, ACCESS II lets 
you run Intel 8080 software and utilities 
at about four times the speed of an 
MDS-230. 


Several times as fast Depending on 
your hardware, you'll compile and link 
programs up to eleven times as fast as 
with an Intel system. And that’s only one 
way you'll save time. 





(Test yourself) 
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PC Software Access 


PC Software 


Access 


Superior debugging Genescope™ 

is a full-screen symbolic debugger for 
programs written in any of Intel’s lan- 
guages. You can window source or list- 
ing files during a session, scroll through 
trace and memory, and make patches 
with an on-line symbolic assembler. Step 
through code line by line on the screen. 
High level line numbers and symbols are 
available as you debug. Some users re- 
port they’re completing projects in one- 
third the time. 


A version of GeneScope is available for 
debugging with the most popular emu- 
lators. It has the same easy interface. 


But maybe you won’t need an emulator 
at all. 











NY 


The Intel 


196 Castro Street, Mountain View, CA 94901 





Savings 
(Choose one) 


L] $27,685 


eo | O47 
[] 13,424 


L] $42,285 
—_ LA ® $0;682 
L| 18,407 


Genescope (Correct answers below) 


Target 


In-circuit testing without an 
emulator Genescope/Target™ lets 
you download your program into the 
target system and debug it there. You 
get most of the features of an emulator 
at about one-tenth the cost. 


Free demo disk Genesis will be 
happy to mail you a disk that shows 
how this slick little system works. Slip 
it into your PC and find out why more 
than 1,000 developers have switched to 
Genesis development tools. To get your 
copy, just pick up the phone and call: 


(415) 964-9001 


Genesis- 


Microsystems 


alternative 
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HOW TO GET CMOS CAPABILITY 
AT LOW POWER SCHOTTKY SPEEDS... 






QT62HC 






QT22HC i 








Design In Q-Tech’s New High Speed CMOS HC Series 
Clock Oscillators 


Q-Tech’s new generation of High Speed CMOS Crystal Clock Oscillators, the HC 
Series, can reduce your system power consumption by allowing replacement of low 
power Schottky devices with High Speed CMOS, while still operating at full mil spec 
requirements of -55°C to +125°C and tolerances of +50 ppm. 
Available in the complete lines of Q-Tech packages, including 14 pin DIP, 
TO-8, Flatpack and Leadless Chip carriers with frequencies as high as 24 MHz @5.OV. 
Call or write for full details. 
CONTACT US FOR ALL YOUR CLOCK OSCILLATORS 

® Clock Oscillators: in TTL, CMOS, ® Baud Rate Generators ° Precision Ovenized Crystal 

H!I-SPEED CMOS and ECL. Available (QT100 series) Oscillators 


in TO’5, 8, DIP, LCC & Flat Pack. ‘ e VHF and UHF Clocks and Signal 
Consult factory for other custom : mote sdag ere et Sources in Hybrids 


packaging. e Hybrids VCXO 
e Z80 and Z8000 Drivers 


Q-TECH ALSO SPECIALIZES IN CUSTOM HYBRIDS 


-- Q-Tech Corporation 





























2201 Carmelina Avenue, Los Angeles, CA 90064 
(213) 820-4921 © Telex: 696140 
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tube-ology 


t(y)iib-al-a-jé [see UNIFORM TUBES] 1: the science of cut- 
ting, closing, reducing, 
expanding, corseting, flaring, 
flanging, slotting, lancing, 
punching, notching, flat- 
tening, piercing, rounding, 
dimpling, bulging, beading, 
bending, and coiling minia- 
ture tubing. 2: technology 
used to meet the most exact- 
ing design requirements for 
tubing. 3: a means of mini- 
mizing component costs. 





For further definition 
call or write today. 


UNIFORM tuses, inc. 


Collegeville, PA 19426-0992 e Telephone: 215/539-0700 
TWX: 510-660-6107 © Telex: 84-6428 
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you can put together a PC-based 
industrial system quickly and easi- 
ly. In fact, you can probably get 
your PC-based system up and run- 
ning in half the time it would take to 
get a minicomputer-based system 
up and running. 

For one thing, you can develop 
both hardware interfaces and soft- 
ware on a standard PC, which will, 
of course, closely resemble your sys- 
tem in both architecture and config- 
uration. In contrast, you must often 
do such development for a Multibus 
or VME Bus system, on a very 
different machine with the aid of 
emulators and cross compilers. Sys- 
tems based on the Multibus or VME 
Bus generally require extensive en- 
gineering support at the site level, 
and they need much more user sup- 
port than do systems based on the 
PC bus. Thus, OEMs can bring a 
new PC-based system to market 
much more quickly than they could 
get a Multibus- or VME Bus-based 
system to market. EDN 





Article Interest Quotient 
(Circle One) 
High 503 Medium 504 Low 505 


EDN January 23, 1986 


























Sd 
oe) 
5 
Y 
5 
Sand 
ar 
prams 
ae’ 
(o 
a 
op) 
= 
7p) 
ma 
7 
a. 
Z 
5 


v 
aS 
~~ ore 

Suan 
S ©. 
=f] 

YY 
pL 
DH 
SF 
ae 
3.2 
55 
i § 
=a: 
5 
6. 
5 
ay. 





strengthens signals, enhances 











squelches echoes, and gets you 


Meet TIS new TMS32020 


Echo cancellation can be greatly improved by 
using new TMS32020 processor, allowing tele- 
phone messages to come through loud and clear 
from anywhere. 





Graphics systems could be economically 
implemented with TI’s TMS32020 supplying 
throughput capability required for realtime 
rotation, scaling, and translation. 
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High-speed modems (4.8K bps to 19.2K bps) 
can be built with fewer chips and in shorter 
development time using TI’s new TMS32020 
processor. 





It can handle all your digital signal 
processing (DSP) better than ever 
before. And as you will read, TI’s 
new, single-chip TMS32020 can 
also be an efficient, economical 
processor for many high-speed, 
numeric-intensive applications. 
And because it is available now, 


fully supported, the TMS32020 can 


speed your system development. 


Up to three times 


faster throughput 
TT’s new TMS32020 processor 
delivers two to three times the 
throughput of the industry standard, 
TI’s own TMS32010. 

Behind this dramatic increase are 
(1) an expanded instruction set with 
repeat feature, (2) an expanded 


memory capability both on chip and 
off, and (3) much faster I/O. 





Top secrets stay top secret when secure-tele- 
phony systems (on cover) are designed using 
TI’s new TMS32020 signal processor. Its 
vastly improved throughput allows it to per- 
form all critical subroutines so rapidly that 
deciphering the code is made virtually 
impossible. 


Like the TMS32010, the 
TMS32020 utilizes a modified 
Harvard architecture emphasizing 
overall system throughput, com- 
munication, and flexibility in 
processor configuration. 


Increased capability 


and flexibility 

Having greater throughput, TI’s 
TMS32020 makes fast work of filter- 
ing, correlation, windowing, trans- 
forms, wave-form generation, and all 
your other DSP tasks. 544 words of 
on-chip RAM, 32-bit arithmetic, 
single-cycle multiply/accumulate 
instructions, and an independent 
auxiliary register arithmetic unit 
further equip the TMS32020 for 
realtime DSP systems. 

However, the capabilities of the 
TMS32020 should challenge your 
imagination. Its 64K word program 
and 64K data-memory spaces, timer, 
serial port, multiple-interrupt struc- 
ture, provision for external wait 
states, and multiprocessor interface 
capability make the TMS32020 a 
natural choice for wide use. 

And the TMS32020 is eco- 
nomical. Through VLSI implemen- 


tation, the TMS32020 incorporates 
all these features into a single, 
68-pin grid-array package. 


Full support shortens 


development time 

A wide range of development hard- 
ware and software tools is available 
to shorten your design cycle. 
Included are full-speed emulators, 
software simulators and assemblers/ 
linkers, and application reports, plus 
other documentation (see box). 

Three-day DSP workshops are 
conducted periodically at TI’s 
Regional Technology Centers, and 
TI application engineers are also 
ready to provide help. Extensive 
third-party support is available. 

A TMS32020 applications hand- 
book and additional documentation 
are only 11 quick keystrokes away, 
1-800-232-3200, ext. 3502, or use 
the coupon on page 4. 

Where economy is a prime design 
consideration and system require- 
ments are less demanding, use TI’s 
industry-standard TMS32010 DSP. 
An extended temperature range 
military version is also available. 
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digital signal processor chip. 


TMS32020 provides all 
secure-telephony features 


ANALOG 
VOICE IN_ [¢ 






DIGITAL 
OUT pam 


DIGITAL 
IN 





ANALOG 
VOICE OUT 








Because it can perform several func- 
tions by simply executing a variety 
of subroutines, Tl’s TMS32020 
processor is a prime candidate for 
secure-telephony applications. 

For example, multiple 
TMS32020s can compress the voice, 
encrypt the digital signals, and act 
as a modem. 

The fast cycle time of the 
TMS32020 is not only essential to 
the encryption/decryption routine 
but can also allow the routine to be 
constantly varied so that cracking 
the code would be difficult. 

The large program memory, serial 
port, and single-cycle multiply/ 
accumulate facilitate the coding, 
decoding, and modem routines. 

Thus, the TMS32020 is an 
effective alternative to the costly 
fully custom circuits you would 
have to use to gain equivalent pro- 
cessing power. 


™S32020 cancels echoes 


more accurately 





For more effective echo cancella- 
tion, the 544-word on-chip data 
memory of TI’s TMS32020 enables 
it to provide larger, more accurate 
adaptive filters. Because of this 
memory and the single-cycle 
multiply/accumulate/data move, the 
TMS32020 can execute and update 
a 128-tap adaptive filter needed by 
the echo-cancellation-model rou- 
tine. And the extraordinary speed of 
the TMS32020 allows the adaption 


routine to execute in real time. 
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The TMS32020 completes a 
multiply/accumulate/data move in a 
single cycle. Its “repeat instruction” 
allows the next instruction to be re- 
peated “N” times, which saves pro- 
gram memory space and effectively 
pipelines the instruction. 

In addition, the 544 words of 
on-chip data RAM allow quick up- 
dates of taps for faster adaptation, 
and the serial I/O port allows direct 
interface to a codec with little or 
no “glue” logic. 


T™MS32020 excels at fast 


matrix manipulations 





In graphics applications, Tl’s 
TMS32020 processor can be used 
for both numeric and pixel process- 
ing. Its 200-ns multiply/accumulate 
allows the TMS32020 to execute 
realtime graphics scaling, rotation, 
and translation. All depend upon 
memory-intensive matrix manipula- 
tions that require rapid execution. 
The block-move feature of TI’s 
TMS32020 — up to 80 Mbits per 
second — allows the large data 
blocks involved to be accessed in 
real time to manipulate the screen. 
The TMS32020 is capable of ad- 
dressing up to 64K 16-bit words of 
data used to store the pixel informa- 
tion. Among other features that give 
the TMS32020 an edge in graphics 
systems are the scaling shifter used 
in pixel or bit alignment and the 
wait states that allow communica- 
tion with slower DRAMs/VRAMs. 
Because a graphics system 
must interface to a host processor, 
the host-interface logic on the 
TMS32020 eases your design task. 


TMS32020 simplifies 


high-speed modem design 
Using multiple TMS32020 pro- 
cessors in high-speed modems is a 
logical choice over costly fully 


custom chips. The TMS32020 com- 


bines easy programming with large 
data memory, multiprocessor and 





serial interfaces, overflow mode, 
large program memory, and table 
access of program memory. 

Since many high-speed modems 
require more than one program- 
mable DSP chip, the built-in 
multiprocessing interface of the 
TMS32020 minimizes component 
count and simplifies design. 

Adaptive FIR filters require the 
single-cycle multiply/accumulate/ 
data move and the large data 
memory of the TMS32020 for high- 
speed computations and realtime 
implementation. 

The overflow-saturation mode 
minimizes errors caused by an over- 
flowing accumulator and produces a 
“clean filter.” 

Program memory of up to 64K 
words permits multiple bit rates and 
standards to be supported simply in 
software rather than hardware. 

For more applications data, call 
1-800-232-3200, ext. 3502, or 


check the coupon on page 4. 


Samples of TI’s new 32020 are 
available now through authorized 
TI distributors, at $250.* Volume 
production is slated for early 1986. 
Development-support tools are also 


available off the shelf. 


TMS32020 Software and 
Hardware Support 

Host Operating Part 

Computer System Number | 


Macro Assembler/Linkers 
DEC VAX VMS TMDS3241210-08 
TI/IBM PC MS-DOS TMDS3241810-02 


Simulators 
DEC VAX VMS TMDS3241211-08 
TIV/IBM PC MS-DOS TMDS3241811-02 


Hard 










ware 
TMDS3262220 


wy 


Emulator 





*Suggested retail, quantity 1, U.S.A. 


Turn the page for more information. 
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High system performance and low-power operation result when four of TI’s new 74AS888 8-bit-slice processors are 
cascaded to form a 32-bit CPU with TI’s new, low-power THCT1010 speeding multiplier/accumulator operations. 





T 1 redefines your idea of speed /power 
ratios with its new bit-slice/multiplier team. 


For many applications requiring ex- 
ceptional system execution speeds, 
TI's new 74AS888 8-bit-slice pro- 
cessor can prove the effective alter- 
native to the TMS32020 DSP. 

Usually, when you increase system 
performance significantly, power 
consumption follows right behind — 
just as night follows day. 

Not so with TI’s IMPACT™ 
74AS888 and new THCT1010 
multiplier/accumulator. This team 
sends power and performance on 
their separate ways. One up ... the 
other down. 


© 1985 T] 


Texas Instruments Incorporated 


P.O. Box 809066 
Dallas, Texas 75380-9066 


The innovative 74AS888 has an 
instruction-to-Y output of 46 ns 
maximum, or a 51% improvement 
over the 4-bit competition. Power 
dissipation is only 1.5 W maximum 
during operation. 

Multiplies and divides are about 
as fast as additions. Flexible micro- 
instructions let you tailor an 
application-precise instruction set. 
You can use any software. Any word 
length in 8-bit increments. Emulate 
any known wP instruction set while 
achieving improvements in execu- 
tion speeds. 
™ Trademark of Texas Instruments Incorporated 


27-5287 
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The 74AS888 is fully supported 
and readily available through TI dis- 
tributors so you can get your system 
design finalized in minimum time. 

TI’s new THCT1010 is pin-for- 
pin compatible with the industry- 
standard multiplier (TDC1010J) but 
consumes 30 times less power. In con- 
junction with the 74AS888, it can 
significantly cut the power require- 
ments of bit-slice systems. 

Fabricated in silicon-gate CMOS, 
the THCT1010 is a 16- x 16-bit 
multiplier with 35-bit accumulator. 
How fast is it? For the -100 suffix, 
100 ns maximum with a worst-case 
power consumption of only 150 mW. 

If you want more details on the 
74AS888 and THCT1010, just dial 
the 800 number below or clip and 
mail the coupon. 


For quick response to your 
information needs, call 
Texas Instruments today at 


1-800-232-3200. 
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Creating useful products 
and services for you. 


lly ded, 128 character alphanumeric 
—r—e _ ASCII keyboard, 58 light touch keys (two user- 
Performance features include: spillproof, defined). Selectable “UPPER CASE ONLY.” Even 
dustproof, unitized keyboards; flexible membrane parity bit, and keydown, KD, Strobe and Strobe-Not 
switches with contact life rated at + 10,000,000 opera- handshake signals for flexible interfacing. CMOS or 


out cases. — 





tions; finger positioning overay with positive, light TTL compatible output; will drive two TTL loads. $1197 
touch keys (two are user-defined); adjustable volume VP604. Same as VP601, less case and speaker. 

aural keypress feedback; high noise immunity CMOS Includes assembled keypad and circuit board. $97* 
circuitry; and SV DC operation. | VP611. Identical to VP601 plus 16-key numeric 





















Pricing gives you a 


- keypad for easier entry of numbers. $157° 
competitive edge 


Serial Output Keyboards 

VP606. Three separate asynchronous 

modes: EIA RS232C compatible; 20 mA 

current loop; TTL. Switch-selectable 

format. Six switch-selectable baud 
rates: 110 to 19.2K. Power on/system- 
busy LED. Other features identical to 

VP601. $164* 

VP608. Same as VP606, less case and speaker. 

Includes assembled keypad and circuit board. $134" 

VP616. All features of VP606 and VP601 

in a serial output format, with 16- 


key numeric keypad. $1947 


*OEM prices. Larger quantity dealer/OEM 
pricing available on request. 


VP601 
VP606 
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introducing the MAX232 +5V RS-232 dual transmitter-receiver. 


Now you can run full soec RS-232-C +10V output levels from a 
single +5V supply. 

With the new CMOS MAX232. 

It’s the first dual transmitter-receiver with on-chip charge pump 
voltage converters that generate +10V and —10V power supplies from 
your +5V source. 

The MAX282 includes two RS-232 transmitters that convert +5V 
TTL/CMOS inputs into RS-232 outputs. And two RS-282 receivers that 
convert them back again. 

SO you see, the MAX232 is the perfect single-chip solution for a 
wide range of computers, peripherals and instruments where a H10V » 
Supply is not available. 

The low-power MAX232. 

At a 100 unit price of $3.60, it’s the only thing that’ll ever come 
between your +oV system and RS-232-C. 

For sample parts and data sheets, call your Authorized Maxim 
Representative or Distributor today. Maxim Integrated Products, 

910 N. Pastoria Avenue, Sunnyvale, CA 94086, (408) 737-7600. 


SAA AIL/VI 


You have Maxim's Charlie Allen to thank While you're thanking people, don’t forget 
for the MAX232. Or perhaps you should thank Maxim's Dave Bingham, the guy who’s invented 
yourself. Charlie, you see, is our Manager of more industry standard parts than most com- 
Applications Engineering. And he defined the panies. It was his design genius that turned 
MAX232 based on your requests for just such Charlie's idea into silicon. 

a part. Anything for the customer. Right, guys? 





Distributed by Hall-Mark, Graham, Diplomat, Bell and ACT. Authorized Maxim Representatives: Alabama, (205) 536-3044: Arizona, (602) 949-0873; California, 
(415) 962-0660, (619) 279-0420, (818) 883-7606; Colorado, (303) 841-4888; Connecticut, (203) 269-7964; Florida, (305) 771-6501, (305) 944-5031, (305) 276-0070, (813) 
441-4702, (813) 223-7969, (305) 727-0192; Georgia, (404) 448-1215; Idaho, (503) 297-1719, (503) 620-1931; Illinois, (312) 956-8240; lowa, (319) 377-8275; Kansas, (316) 
838-0884; Maryland, (301) 583-1360; Massachusetts, (617) 444-8071; Missouri, (314) 291-4777, (816) 356-6340; Montana, (503) 620-1931; New Hampshire, (603) 772-3300; 
New Jersey, (609) 933-2600; New Mexico, (505) 884-2256; New York, (516) 543-0510, (716) 385-7744; North Carolina, (919) 847-8800; Ohio, (216) 659-9244, (513) 278-0714, 
(614) 890-2743; Oklahoma, (918) 664-0186; Oregon, (503) 620-1931; Eastern Pennsylvania, (609) 933-2600; Western Pennsylvania, (614) 890-2743: South Carolina, (803) 
233-4637/8; Texas, (214) 647-8225, (512) 331-7251, (713) 977-4354; Utah, (801) 266-9939; Washington, (206) 453-8881; Wisconsin, (414) 476-2790. Canada, Dist., R.A.E. Ind. 
Elect. Ltd. (403) 451-4001, Rep., Tech-Trek Ltd., (416) 674-1717. 


International Representatives/Distributors: Australia, R&D Electronics Pty. Ltd., 61-3-288-8233/62, 61-2-439-5488; Austria, Transistor Vertreibsges M.B.H., (0222) 
82-94-01-0; Belgium, MCA Tronix, 041/362780-362795; Denmark, Nordisk Elektronik A/S, 02-84-2000; Finland, Turion, (90) 372-144; France, Valdix, (6) 920-26-06; 
Hong Kong, Tektron Elect (HK Ltd.), 3-856199; India, Mahlar Corp., 564464; Israel, Unitec Universal Tech. Ltd., 052-555053; Italy, Micro Elit S.R.L., 46-90-444, Esco 
Italiana S.PA., (02) 2409241/51; Japan, Maxim Japan Co., Ltd., (03) 232-6141, Microtek Inc., (03) 363-2317, Dai-Nichi Seigyo Kiki Co., Ltd., (03) 265-7381, Maruei Shoji Co., Ltd., 
(0422) 54-6800, Sil-Walker, Inc., (03) 341-3651; Korea, Komax Elect. Inc., 784-6936; Netherlands, Techmation Elect. B.V., 04189-2222: Norway, Nordisk Elektronic 

(Norge) A/S, (02) 846210; South Africa, South Continental Devices (PTY) Ltd., 011-789-2400; Spain, Anatronic, S.A., 242-44-55, 242-55-66; Sweden, Scancopter AB, 
08-761-78-20; Switzerland, Laser & Electronic Equipment, 01-55-33-30, 022-425-677; Taiwan, World Peace, (2) 7212154, 5, 6; United Kingdom, Maxim UK Lid., 
07-357-5255, Dialogue Distribution, Ltd., 0276-682001, Thame Components, Ltd., 084-421-4561; West Germany, Spezial-Electronic KG 05722/203110, 089/530387, 
07961/4047, SemTech GMBH, 0911-831003. © 1985, Maxim Integrated Products. 
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Serial datacomm driver/receiver ICs furnish 


higher data rates, lower power consumption 


Denny Cormier, Western Editor 


Line drivers and receivers for RS- 
232C lines are falling in cost, and 
many are now being fabricated in 
CMOS to meet demands for higher 
performance and lower power con- 
sumption in standard, single-ended, 
serial data terminal equipment 
(DTE). More demanding applica- 
tions—calling for serial transmis- 
sion rates in the megabaud range 
over long multipoint party lines— 
are inspiring a new generation of 
line drivers and line receivers. 
These ICs can handle not only the 
RS-422A-standard differential (bal- 
anced) line but also RS-485 party- 
line standards. 

Your datacomm-network design 
initially determines the standard 
you'll employ, but choice of a stan- 
dard needn’t complicate upgrades of 
and changes to the network. RS- 
232C designs can be upgraded to 
RS-4238A unbalanced-line standards 
(see Ref 1). By converting your 
unbalanced-line interface to the RS- 
422A standard, you can achieve 
higher noise rejection at data-trans- 
mission rates as great as 10M bps 
over a 40-ft length of twisted-pair 
cable. Indeed, many new line driv- 
ers and receivers support more than 
one standard. 


RS-232C still viable 


Don’t think, however, that the 
RS-232C standard has been out- 
dated. The simplicity and economy 
of the Electronic Industries Associ- 
ation’s RS-282C interface have 
made it the most widely used inter- 
face for general-purpose, point-to- 
point serial datacomm networks 
that communicate at speeds below 
20k bps over maximum cable 
lengths of 50 ft. In fact, the military 
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You can design an entire RS-485 multipoint party-line system with the ~A9617X Series 






differential line-driver, -receiver, and transceiver ICs from Fairchild Semiconductor. This 
chip set is also compatible with the RS-422A and RS-423A interface standards. 


has adopted the RS-232C standard 
as MIL-STD-188C/100. The stan- 
dard is also supported by the Euro- 
pean CCITT V.24 and V.28 recom- 
mendations and by the Internation- 


al Standards Organization’s 2110 


specifications. With the impetus 
from the CCITT’s Integrated Serv- 
ices Digital Network (ISDN), which 
will incorporate the RS-282C inter- 
face, the popularity of the RS-282C 
interface has continued to gain 
momentum. 

If you are planning to employ a 
low-cost, RS-232C serial interface, 
consider National Semiconductor’s 
DS1488/89 line-driver/receiver ICs. 
The price of the DS1488/89 is $0.30 
(1000). Exar Corp, Fairchild Semi- 
conductor, Motorola, Signetics, and 
Texas Instruments are alternate 
sources for the chips, and these 
companies offer other TTL-compati- 
ble driver/receiver ICs having simi- 
lar specs. 


No matter which line receiver you 
choose, you'll have to take steps to 
control your line driver's wave 
shaping to remain within the RS- 
232C spec. Wave shaping becomes 
particularly important when you’re 
using line receivers—like those 
from Motorola and Texas Instru- 
ments—that use hysteresis to re- 
duce noise. Dale Pippenger, manag- 
er of applications engineering for 
TI’s linear division, recommends 
that you use trimming capacitors on 
the outputs of your line drivers to 
keep rise times at 4% of the nominal 
signal duration. For example, a 
15-ft length of standard twisted- 
pair cable with a typical capacitance 
of 52.5 pF/m would yield a total 
cable capacitance of about 230 pF. 
To. stay within a slew rate of 20V/ 
wsec, the line driver’s output capaci- 
tance should be approximately 500 
pF. Therefore, you should configure 
each output of a standard RS-232C 


93 


ee TT TT ree 





Kyocera high 


Kyocera announces a revolutionary breakthrough in 
clock oscillators for CMOS-based computers, 
peripherals.and telecommunications applications. Now 
our clock oscillator family offers the dual advantages of 
the highest CMOS clock speeds and driving capability 
on the market and low power consumption as well. 


World’s fastest clocks 
for CMOS and TTL logic. 


To meet the needs of today’s and tomorrow’s high speed 
gate arrays, Kyocera’s KXO-HC clock oscillator spans a 
frequency range of 500 kHz to 50 MHz and can drive up 
to 100 pF loads, up to 10 TTL gates. Yet it consumes only 
16mA at 24 MHz. This low power reduces heat in the 
circuit, which increases reliability. And, reduces power 
supply costs in the process. 


Tri-state for easy circuit testing. 


In addition, our KXO-HC & TS models offer our tri-state 
capability which allows them to disable during testing 
and decouple from the oscillator bus when a control 
signal is applied. This lets circuit designers test the 
entire circuit board with an external synchronizing 
signal. Plus, it allows the circuit to be tested utilizing 
less expensive, lower power test equipment. 


speed clock oscillators 
have shattered the CMOS time barrier. 


Pin 7 case ground for improved shielding. 
The Kyocera KXO family of clock oscillators are 
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hermetically . 
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sealed Range Level 
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eee 
to the case and an all-metal package which helps mini- 
mize RF radiation and meets FCC EMI specifications. 

If you need high speed, high driving capability with low 
power consumption, design Kyocera’s advanced clock 
oscillators into your circuit design. 

We'll send information. 

For more information on our complete family of clock 
oscillators call or write to: Don Smithana, Product 
Specialist, Electronic 
Components Group, 
Kyocera International, Inc. 
11425 Sorrento Valley Road, 
San Diego, CA 92138-1130, 
(619) 454-1800. 
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line-driver IC (such as TI’s 
SN75188) with a 270-pF capacitor to 
ground (Fig 1). 

You might want to consider Rs- 
232C line-driver/receiver ICs for ap- 
plications other than datacomm in- 
terface links. Fig 2a shows an 
example of a logic-level translator 
for DTL-to-RTL or DTL-to-MOS 
conversion. The circuit uses a Moto- 
rola MC1488 quad line-driver chip. 
Fig 2b shows a design for an MOS- 
to-TTL level translator using Moto- 
rola’s MC1489 line receiver. These 
circuits, which come in 14-pin DIPs, 
help cut component count, particu- 
larly when you can take advantage 
of spare stages in the quad driver/ 
receiver ICs. 

You can achieve even denser com- 
ponent packing with the NE5170 
octal line driver and NE5180/81 
octal line receivers from Signetics. 
These parts sell for $4.50 (100) and 
come in 28-pin DIPs or surface- 
mount plastic leaded chip carriers 
(PLCCs). 


Manage heat dissipation 


When heat dissipation or battery 
operation is a major concern, as is 
the case with miniaturized or bat- 
tery-driven devices, you should con- 
sider a low-power RS-232C driver/ 


aS 
& 
® 
5 
9 
& 
& 


ok 
oO 


= 


Fig 2—In addition to functioning as a single- 
as a level translator to link bipolar TTL circuits with RTL or C 


TTL INPUT 
FROM DTE 


5 TTL OUTPUT 
TO DCE 


= ‘'%4SN75189A 
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(COURTESY TEXAS INSTRUMENTS) 


Fig 1—To remain within the 30V/psec rise time defined by RS-232C standards, you must 
trim line-driver outputs with an external capacitor to compensate for differences in cable 


capacitance. 


receiver IC like the Max282 dual 
transceiver from Maxim Integrated 
Products. Fabricated in CMOS, the 
Max2382 only uses 5 mA of quiescent 
current from a single 5V supply, yet 
its internal charge-pump circuitry 
generates +10V to switch RS-232C 
signal levels. The part’s line- 
receiver pair uses 0.5V of hysteresis 
to improve noise reduction. Avail- 
able in either a 16-pin surface- 
mount package or a plastic DIP, the 
commercial-grade (0 to 70°C) 
Max2322 sells for $3.60 (100). 
National Semiconductor plans to 
introduce its CMOS DS14C88/89 
line-driver/receiver parts this quar- 
ter. According to preliminary data 
from National, the DS14C88 line 


RTL OUTPUT 
—0.7 TO +3.7V 


DTL OUTPUT 
~0.7 10 4548 


HTL OUTPUT 
—0.7 TO +10V 


MOS OUTPUT 
-—10 TO OV 


ended EIA interface component, an unbalanced MC 1488 line driver from Motorola can serve 
MOS logic (a). In addition, an MC 1489 line receiver can double as a level 


translator to connect CMOS with DTL or TTL logic (6). 
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driver will dissipate only 200 pA of 
static power-supply current, which 
represents a 99% reduction in power 
consumption compared with the 
company’s DS1488/89 bipolar coun- 
terparts. The CMOS driver/receiv- 
er chips will each cost $0.60 (1000). 
TI intends to follow suit early this 
year with the introduction of its 
low-power quad SN75C188/89 
driver/receiver ICs. The company 
manufactures these devices using 
combined bipolar-CMOS (BiMOS) 
technology. 


Watch for common-mode noise 
Common-mode noise rejection re- 

mains the most significant problem 

you will face when designing an 
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TTL/CMOS 
INPUTS 


TTL/CMOS 
OUTPUTS 





TD 
RS-232C OUTPUT 


RTS 
RS-232C OUTPUT 


RS-232C INPUT 


CTS 
RS-232C INPUT 


For low-power operation from a single 5V supply, the CMOS Max232 transceiver from 
Maxim Integrated Products provides a dual RS-232C bidirectional interface. An on-chip 
charge pump internally converts the single 5V supply voltage into +10V. 


interface between the DTE and the 
data circuit-terminating equipment 
(DCE—modems and the like). In 
general, common-mode noise arises 
from differences in ground-level po- 
- tentials between DTE and DCE. If 
you're finding too much common- 
mode noise on your single-port con- 
nections, or if you need more than 
90 ft of cable between your comput- 
er and peripherals, you may want to 
try upgrading your RS-232C inter- 
face into one that uses RS-423A 
line-driver/receiver ICs. 

The EIA developed the RS-423A 
and the now virtually obsolete 
RS-449 electrical specifications to 
deal with 100k- and 2M-bps trans- 
mission rates, respectively, over un- 
balanced lines. In addition to meet- 
ing the CCITT V.10 and X.26 
recommendations, RS-428A specifi- 
cations comply with US Federal In- 
formation Processing Standard 
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1030A. Because of crosstalk and 
common-mode noise, designers gen- 
erally prefer balanced interfaces to 
RS-449 interfaces for high-speed 
communications between computer 
peripherals. 


Multistandard ICs 


To deal with a wide range of to- 
day’s data-transmission applica- 
tions, and with the increased com- 
mon-mode noise accompanying 
higher data transmission rates, you 
should consider using multistandard 
driver/receiver ICs in your serial 
datacomm interfaces. For example, 
a design using AMD’s Am26LS30 
differential line-driver and 
Am26LS32 line-receiver chips can 


operate with either RS-232C or RS- 


423A interfaces by grounding the 
inverting terminals. You can 
achieve similar results with other 
RS-422A driver/receiver ICs, such 


as Motorola’s MC3487/86 and TI’s 
SN75172/73. In RS-422A operation, 
these parts will yield serial-inter- 
face designs for systems that com- 
municate at rates to 10M bps. 

Another multistandard part, Lin- 
ear Technology’s quad LT1032 RS- 
232C line driver, incorporates low- 
power Schottky circuitry and draws 
a maximum steady-state current of 
1.0 mA from a +15V dual supply. 
The device is pin compatible with 
DS1488 parts in 14-pin DIPs. Its 
drive capacity is sufficient to handle 
the greater fanout (10 receivers per 
driver) and data rate of the RS- 
423A interface, and it can also han- 
dle the conversion, without a trans- 
former, of +5V into +15V. The 
latter capability saves board space 
and cuts op-amp power-supply 
costs. The LT1032 sells for $2.95 
(100). 

Even the RS-422A standard, 
however, cannot adequately deal 
with party-line contention, and it 
still lacks sufficient common-mode 
noise rejection for multipoint con- 
nections. The inability to resolve 
bus contention can lead to forced 
overloads, excess heat dissipation, 
and, as a consequence, damage to 
the output stages of your line driv- 
ers. To prevent permanant damage, 
most differential line-drivers simply 
go into a thermal-shutdown mode 
during a contention-induced over- 
load situation. 

In response to the noise-rejection 
and contention problems, the EIA 
introduced the RS-485 party-line 
standard in 1983. Without losing 
either the wide bandwidth or the 
excellent common-mode noise rejec- 
tion of the RS-422A balanced line 
(the maximum common-mode volt- 
age of the RS-422A standard is 6V, 
—0.25V), the RS-485 party-line 
standard lets you connect 32 line 
drivers, receivers, and transceivers 
(ie, driver/receiver pairs) in the 
Same network. The standard calls 
for transceivers with 3-state out- 
puts to resolve bus contention. 

Manufacturers have introduced 
several chip sets that handle the 
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IN POWER SEMIS, 
THE SOLUTION IS SEMIKRO 


Innovation + service. At Semikron, we’ve made these ideals our total commitment. 
Right from the start, Semikron was an innovator in power semiconductors. The 
Semipack 1® isolated thyristor/diode module, originated by Semikron, has become a 
world standard for the power semiconductor industry. It was followed by Semipack 2, 
Semipack 3, and other modules with greatly increased current handling capacities — 


as high as 7000 A. And now, Semistack® thyristor and diode assemblies. 
We look for solutions. Designs that reduce the size and cost of the package— 


or the assembly. Designs that offer more power, greater efficiency —and improved 


heat dissipation. Cost effective solutions to your problems. 
Throughout the design process, reliability is a paramount consideration. And its 


importance continues with stringent quality control throughout the production process. 
Call us. Our engineers are ready to help. No one else has the depth of technical 


experience. At Semikron, serving you well is the bottom line. 
CIRCLE NO 55 








SEMIKRON INC., 11 Executive Drive, Box 66, Hudson, NH 03051 - Tel: (603) 883-81 02 Toll free: 1-800-258-1308 


In Canada (Toronto), call: (416) 492-7900 - In Mexico (Mexico City), call: 5-76-00-59 
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RS-485 party-line interface. You can - 


add single interface stations to your 
RS-485 party line with National’s 
3-state DS3695/96 differential trans- 
ceivers and DS3697/98 differential- 
repeater ICs. These ICs come in 
8-pin miniature DIPs. In plastic 
DIPs, the -95 and -97 parts cost 
$1.75, and the -96 and -98 parts cost 
$1.85 (100). Texas Instruments is a 
second source for these parts with 
its SN75176 transceiver and 
SN75178 repeater chips. 

If you already have a system 
using RS-422A balanced interfaces, 
you may upgrade it to RS-485 stan- 
dards by retrofitting with TI’s 
SN75172/74 3-state line drivers and 
SN75178/75 line receivers. Accord- 
ing to the company, these parts are 
plug-in replacements for conven- 
tional RS-422A driver/receiver ICs, 
‘Including the Am26LS31/32A and 
the MC3487/86. The TI parts cost 
$1.78 (1000) in plastic DIPs. 

Last year, Fairchild Semiconduc- 
tor introduced its »A96176 differen- 
tial bus transceiver and »A96177/78 
differential bus repeaters, specifi- 
cally for use with RS-422A or 
RS-485 interface standards. The 
transceiver and the repeaters sell 
for $0.90 (100). According to Steve 
Kaufman, marketing manager for 
Fairchild’s interface products divi- 





Standards documents 

The Electronic Industries Associ- 

ation publishes its recommended 
standards along with details con- . 

cerning electrical specifications 
_and serial datacomm interface ap- 


plications. You may purchase doc- 
uments relating to these topics CC 
by writing to: _ 
Electronic Industries Academia a 
Engineering Department __ 

2001 Eye St NWT 

Washington, DC 20006. 


sion, you can assemble multi- 
standard RS-428A, -422A, or 
-485 serial interfaces on high-densi- 
ty boards by pairing the company’s 
A96172/74 quad differential line 
drivers with its »A96173/75 quad 
line receivers, which come in both 
ceramic and plastic 16-pin DIPs. 
The cost is $1.45 for the line drivers 
and $1.25 (100) for the receivers. 
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For more information on the serial driver/receiver ICs described in this 
article, circle the appropriate numbers on the Information Retrieval Service 
card or contact the following manufacturers directly. 


Advanced Micro Devices 
901 Thompson Pl 
Sunnyvale, CA 94088 
(800) 538-8450 — 


| Linear Technology Corp 
1630 McCarthy Blvd 
‘Milpitas, CA 95035 


: National Semiconductor Corp 
2900 Semiconductor Dr 
Santa Clara, CA 95051 


(408) 942-0810 
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Exar Corp 

750 Palomar Ave 
Sunnyvale, CA 94086 
(408) 732- 7970 
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Maxim Integrated Products 
510 N Pastoria Ave 
Sunnyvale, CA 94086 

(408) 737-7600 
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Signetics Corp 

Box 3409 

Sunnyvale, CA 94088 
(408) 739-7700 
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Motorola Inc 

Box 20912 
Phoenix, AZ 85036 
(602) 897-3003 
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Fairchild Semiconductor Corp 

313 Fairchild Dr 

Mountain View, CA 94039 
(800) 544-4443 
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Texas Instruments 
Semiconductor Group 
Box 809066 
Dallas, TX 75380 
(800) 232-3200 
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SILICON SYSTEMS’ NEW 
READ DATA PROCESSOR CHIP BREAKS 
THE PRICE/PERFORMANCE BARRIER 


Mie ana RLL Capability at Data Rates 
up to 15 Mbits/sec 

Now Silicon Systems introduces the SSI 
541—the industry's most advanced Read 
Data Processor chip for high performance 
disk drive applications. Its high level integra- 
tion allows it to perform both amplitude and 
time pulse qualification for MFM and RLL 
encoded systems—and do if all at data rates 
up to 15 megabits per second. 


Complete Integration of High Perform- 
ance Functions 

Packed inside of the 541 are all these high 
performance functions: a wide dynamic 
range AGC amplifier, a dual rate AGC 
charge pump, an active differentiator, an 
adjustable hysteresis comparator, a feed- 





Circle 42 for Product Information 


forward hysteresis control circuif, and a 
gating circuit with output width control. By 
utilizing amplitude and time pulse qualifica- 
tion, the 541 is able to gate out shouldering 
induced noise errors in a high resolution 
disk drive system. 


Costs Less to Buy, Less to Apply— Re- 
ducing the User's Part-Count and Size 
The 541s complete integration of the read 
data processor functions cuts down on the 
users part- count and manufacturing costs, 
while boosting reliability and saving real 
estate. Even with its high performance and 
cost-saving benefits, the 541 costs less when 
you buy it and far less when you apply it. 
The SSI 541 is designed for application in 
high performance MFM and RLL encoded 
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disk drives, disk drives that utilize plated 
media or thin film heads, and disk drives 
that offer advanced interface standards. 


Price and Availability 


Silicon Systems also offers a very low 
cost sister chip to the 541. It is the SSI 540 
with a time domain filter that makes if an 
optimum solution for low cost, low resolution 
systems. Both devices are available in pro- 
duction volumes now. In OEM production 
quantities, the SSI 541 is priced under $10, 
and the SSI 540 is priced under $5. 

For complete product information, call us 


now, or send for more information. 


Silicon Systems, 14351 Myford Road, Tustin, 
CA 92680. (714) 731-7110, Ext. 575. 
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For designs you only imagined. 


E2PROM now expands the possible in MCU applications. 


Now you can improve existing systems, 
and, best of all, create altogether new 
designs with Motorola’s E*PROM single- 
chip microcomputers. Do the things 
you only imagined before. 

Introduction of the MC68HC805C4 
is the latest development in a unique series 
of powerful, E7PROM-equipped MCUs 
that started with the amazing MC68HC11. 

Alterable memory provides the ultimate 
in single-chip microcomputer flexibility, 
and electrically erasable PROM is the ulti- 
mate alterable memory. Motorola’s MCUs 
extend the ultimate in 8-bit single-chip 
integration and power. | 

The MC68HC805C4 adds a new 
dimension of flexibility to the E-PROM 
MCU concept. It has 4K of E*PROM in 
two separate arrays. Think about the 
advantage of operating software from one 
segment, while simultaneously 
modify ing the code in the 
second segment. 

No need to remove 
the MCU from the 
system. In fact, 
probably no 
need to take the 
system down at all. 













E* = MC: Motorola’s EEPROM MCUs 


Four K of E7PROM makes the 
MC68HC805C4 perfect for design 
improvements in automotive applica- 
tions, telecommunications, robotics, 
industrial control, and so on and so on. 
Use it for emulating dynamically 
reprogrammable mask-ROM based MCUs 
and peripheral processors. Com- 

plete end-product updates, variations 
and changes with software alone. 

No parts to change, no parts to remove. 
Just erase the software electrically and 
reprogram the unit without disturbing 
the socket. 

In addition to the new possibilities in 
design, the savings in field service, 
maintenance and engineering overhead 
can be rewards in themselves. 

The MC68HC805C4 is an EPROM 
variation of the otherwise identical mask- 
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ROM MC68HC05C4. That means 176 
bytes of RAM retainable on standby, RC or 
crystal-mask oscillator options, 24 bi- 
directional I/O lines, an 8 x 8 unsigned 
multiply, a 16-bit enhanced timer, five 
interrupt vectors,an enhanced UART(SCI) 
and a synchronous serial system(SPI). 


One-on-one design-in help. 


Get an engineer-to-engineer update on 
Motorola MCUs. 


1-800-521-6274 


Call toll-free any weekday, 8:00 a.m.- 
4:30 p.m.,M.S.T. If we can’t help you over 
the phone we'll have a field application 
engineer contact you. 

For standard technical information, 


just fill out the We : 
Cie 


coupon and send 


it to Motorol 

Bie ductot B ok Our 
Products, Inc., IC ei 
PO. Box 20912, CSl a 3a 
Phoenix, AZ 85036. te mM. 


(AA) MOTOROLA 


TO 


To: Motorola Semiconductor Products, Inc. ; 
PO. Box 20912, Phoenix, AZ 85036 


Please send me more information on the MC68HC805C4. I 
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Fall National 
Design Engineering 
Show & Conference 


Jacob K. Javits Convention 
Center of New York 


New York, New York 
September 16-18, 1986 





New York. Center of the East Coast OFM 
Market. Over 61,000 OKM manufacturing plants 
within a 500 mile radius. Major hi-tech centers 
and Fortune 500 headquarters in New Jersey, 
Long Island and Connecticut within an hour 
drive. What better location to offer a trade show 
for today’s time conscious engineer. 


September. The specifiers and buyers responsible 
for purchasing your products are back from vaca- 
tion, ready to tackle new challenges and applying 
renewed vigor to improving their designs. What 
better time to offer a trade show that lets you 
begin your sales cycle immediately. 


And what better show to reach this important 
market than the Fall National Design Engi- 
neering Show & Conference™. Fall National 
Design is produced by Cahners Exposition 
Group®, the same people who manage the 
National Design Engineering Show in Chicago 
every year...the OEM trade show all others are 
measured by. 


Since 1953, more OEM suppliers have trusted 
their marketing dollars to the CEG family of 
National Design Engineering Shows than all 
other OEM trade shows combined. We've earned 
that trust through our commitment to our exhibi- 
tor’s success. When you exhibit at Fall National 
Design, our team of professionals will work with 
you before, during and after the Show to assure 
you receive the maximum sales potential from 
your investment. 







“Every trade exposition 
requires a substantial 
investment of time and 
money by each exhibi- 
tor. And they have a 
right to expect nothing 
less than the experi- 
enced, highly profes- 
sional show manage- 
ment like the team 
pictured here, who are 
responsible for such crit- 
ical areas as market 
analysis, site planning, 
attendance promotion, | } segeais 
exhibition floor operations, conference planning and 
responsible financial management. It’s the CEG track 
record of proven success producing more than 130 
events annually that makes the difference between Just 
another trade show and a profitable business investment 
for these exhibitors.” 


— Philip P. Ullo 
Executive Vice President 


The Design Team That 






From left to right: Annette J effries, Meeting Services 


Manager; Monica Viladegutt, Show Manager (Fall 
Design); Robert C. Rosaler, Conference Director; Fred 
Palumbo, Group Vice President—Conferences; Mark 
Mesmer, Exhibits Manager; Barry Guthertz, Creative 
Services Manager; Jerry Van Dijk, Group Vice Presi- 
dent: Barbara Gutman, Deputy Director of Marketing; 
Tony Calanca, Director of Exhibits; David Caplin, Show 
Manager (Spring & Winter Design); Nancy Anderson, 
Director of Operations; Regina Gillette, Registration 
Coordinator; Rivka. Wasserman, Sales Executive 






Mail the coupon below for your free 


(not shown). 


copy of “The Next Logical Step... 
Reach the East Coast ORM Market...” 


_a valuable guide showing you how exhibiting 


at the Fall National Design Engineering Show 
can be an important, profitable addition to your 
1986 marketing plans when you have CEG’s 
resources and team of Design Engineering Show 











experts behind you. 
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WHY INVEST IN TEN DIFFERENT 
INSTRUMENTS WHEN ONE IS ENOUGH? 
THE UNIQUE PHILIPS WAVEFORM 
ANALYZING SYSTEM. 


The new Philips PM 3360 is a highly sophisticated 
waveform processing and analyzing system that can also 
function as BAS/C-programmable computer, audio and 
video signal analyzer, signal averager, distortion and 
vibration analyzer, storage and real-time oscilloscope, 
counter/timer, digital multimeter and power monitor. 


Thanks to its computing power you can define your very 
own analytical programs. Furthermore, its powerful on-line 
processing ability lets you display the results (e.g. average 
or FFT analysis) together with the actual measurements. 


Parameters and measurements are displayed as a direct 
digital read-out. This ensures full benefit is derived from 
the high measurement accuracy achieved by using fully 
independent analog input circuits, quartz-controlled 
timebase and Auto Cal function. 


Measurements can be displayed in 7 different colors. This 
aids clarity and interpretation, especially when examining a 
lot of data. And the PM 3360 can display up to 10 separate 
traces plus 2 color-related alphanumeric measurements 
for each trace. 


Programs and measurements can be recorded on the 
built-in floppy disk unit, a feature indispensable to 
automatic operation. Futhermore, pre- and post-triggering 
make sure you capture all the details... before, during and 
after the event. And unique combinational triggering from 
up to 8 sources gives you unusual freedom in defining 
trigger conditions. 


In view of all this, it may surprise you to learn that the 
system is exceptionally easy to operate. This can largely 
be attributed to its automation and colorful display, as well 
as numerous software functions such as menu displays, 
softkeys, ‘set’, ‘autoset’ and ‘help’ functions. 


The PM 3360 is also a modular system that can be tailored 
for optimum price and performance. To find out more, ask 
for our new full-color brochure... it’s yours for the price of 
a phone call or postage stamp. 
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AUTOTRGE AUTOSET SUTOCA POF MENU (MONITOR! HELP 


pm 3360 spsinscannierre se 


BASIC programmability combines with the Advanced 
Mathematical Software (AMS Il) package to provide 
extensive on-line processing capabilities including 
averaging, differentiation and integration, auto- and 
cross-correlation, cut-function and FFT analysis. 
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AON ee TQIll-4-62, 5600 MD Eindhoven, The Netherlands. 
Se —— In the US call: 800-631-7172, except Hawaii, Alaska 


hee ae) and N.J. In N.J.call collect (201) 529-3800 or write to 
of 85 McKee Drive, Mahwah, N.J.07430. 


: = Germany (0561) 50 14 66 
CH 2 EXT ARM Great Britain 0223-35 88 66 
~ ~ France 01-830 11 11. 
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TDK’s ferrite beads have earned a high reputa- 
tion for effective on-board prevention of electro 
magnetic interference. In the past, however, 
their lead wires made them unsuitable for fully 
automatic mounting with equipment such as 
our Avimount series. 

But now, in another world’s first, TDK intro- 
duces leadless chip-type beads. 

Simply (and automatically) mounted in strate- 
-gic locations on your PCB’s, TDK chip-type 
beads fight EMI/RFI before it can become a 
problem. With maximum internal impedance 








Beads Of Sweet From EMI/RFI Problems? 
Try TDK’s Chip Beads. 


per unit of volume but minimum ohmic resist- 
ance, they provide a steep attenuation slope. 
Lead wires cant affect performance—there 
aren't any. Based on decades of TDK expertise 
in ferrite materials, these chip-type beads are | 
produced under the strictest quality control 
and maintain a high degree of uniformity. 

From among the four basic types (2012, 3216, 
3225, 4532) and many available materials and 
sizes, choose those that match your applica- 
tion best. 

In a nutshell: “Noise? No sweat.’ 
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‘+ TDK. 


TDK CORPORATION 13-1, Nihonbashi 1-chome, Chuo-ku, Tokyo 103, Japan Phone: Tokyo (03) 278-5111 TDK CORPORATION U.K. REPRESENTATIVE OFFICE Phone: (01) 891-2486 
TDK CORPORATION KOREA BRANCH Phone: Seoul 783-6705 TDK CORPORATION BEIJING REPRESENTATIVE OFFICE Phone: 50 1524 TDK TAIWAN CORPORATION HEAD 
OFFICE AND TAIPEI SALES OFFICE Phone: (02) 712-5090 TDK SINGAPORE (PTE) LTD. Phone: 2735022 TDK HONGKONG CO., LTD. Phone: 3-851041 TDK CORPORATION OF 
AMERICA HEAD OFFICE 4711 West Golf Road, Skokie, IL 60076, U.S.A. Phone: (312) 679-8200 CHICAGO REGIONAL OFFICE Phone: (312) 679-8200 INDIANAPOLIS REGIONAL 
OFFICE Phone: (317) 872-0370 LOS ANGELES REGIONAL OFFICE Phone: (213) 539-6631 NEW YORK REGIONAL OFFICE Phone: (516) 625-0100 DETROIT DISTRICT OFFICE 
Phone: (313) 353-9393 HUNTSVILLE DISTRICT OFFICE Phone: (205) 539-4551 SAN FRANCISCO DISTRICT OFFICE Phone: (408) 943-9325 TDK ELECTRONICS EUROPE GmbH. 
Christinenstrasse 25, D-4030 Ratingen 1, F.R. Germany Phone: (02102) 4870 TDK DO BRASIL IND. E COM. LTDA. Phone: 289-9599 
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Switched-capacitor lowpass-filter IC 
eliminates dc offset, low-frequency noise 


Because its architecture places it 
outside a system’s de signal path, 
the LTC1062 switched-capacitor 
lowpass filter (Fig la) makes no 
contribution to the system’s de off- 
set voltage and low-frequency noise. 


FEEDBACK 


GROUND 


The monolithic device is a fifth-or- 
der, all-pole, maximally flat filter. 
The filter uses an internal clock 
whose frequency you can set by 
connecting an external capacitor; 
you can also use an external clock 





whose frequency is as high as 4 
MHz. 

Fig 1b shows a typical configura- 
tion of the LTC1062 as a lowpass 
filter. In this configuration, an ex- 
ternal 100-kHz clock drives the fil- 


MEASURED 
OUTPUT 


fotkK=100 kHz 


Fig 1—Silicon-gate CMOS is the process of choice in the LTC 1062 switched-capacitor, fifth-order lowpass-filter IC (a). In the test circuit (b), 
the device uses a 100-kHz external clock to provide a 1-kHz cutoff frequency. 


25.8k 


VIN le DC OUTPUT 
10 nF 


gc 


DC INPUT=100V 


10 nF 


CLOCK INPUT 
fe x 100 





Vsuppty= = SV 
foLk=100 kHz 


PASSBAND GAIN (dB) 





0.05: ..0.1->.0:2:0:8:.0°5 


fin/fc 


Fig 2—Lacking any dc connection to the dc signal line, this circuit (a) removes ac signals greater than 1 kHz from the dc line. The curve in b 
shows the sharp cutoff characteristic and the low (<0.2-dB) ripple. 
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Which means you get exactly optical encoders facilitate use 
what you specify when you with the latest digital control 
order PITTMAN® DC servo systems. For complete intor- 
motors and gearmotors. Ferrite mation on how PITMO® brush- 
field and samarium-cobalt commutated motors can 
field designs are available in a enhance your design, call us 
variety of sizes with the relia- at (215) 256-6601. 
bility and durability necessary 


ee ae eae eee 
for superior motion control ® 
performance. 
Optional, integrally mounted HARLEYSVILLE, PA 19438-0003 USA 


A DIVISION OF PENN ENGINEERING & MANUFACTURING CORP. 


© Pittman 1985 
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fiber optic 
ethernet expander 


RILSOOO 


You can now connect hundreds of terminals to an Ethernet at 

distances in excess of 1km with American Photonics’ new RL5000 

electro-optic Ethernet Expander System: 

e Consists of just 2 identical RL5000 Interface Units (Transceiver 
and Controller) and 1 duplex fiber optic cable 

e DEC-Intel-Xerox version 2.0 or IEEE802.3 spec installations can 
be extended over a larger area 

e LED fiber optic source and pin photodiode for stable, long-term 
operation 

e Rack and wall mountable or stand-alone 


American Photonics Inc. 
71 Commerce Drive, Brookfield Center, CT 06805 
(203) 775-8950/8955 TELEX: 821353 
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UPDATE 


ter. The clock-to-cutoff frequency 
ratio is 100:1. Measurements show 
that frequency response is typically 
0.02 dB down at half the cutoff fre- 
quency and 30 and 60 dB down at 








twice and four times the cutoff 


value, respectively. 

The filter works by sampling its 
own input and output across an ex- 
ternal resistor. An external capaci- 
tor couples the IC to the signal. The 
external RC pair reacts with the 
device’s internal switched-capacitor 
network to provide a fifth-order 
rolloff at the output. You can con- 
nect two LTC1062s in cascade to 
obtain a tenth-order lowpass filter. 

A typical application for the 
LTC1062 is a circuit that filters ac 
signals from high de voltages (Fig 
2a). In the configuration shown, the 
IC uses a 100-kHz clock frequency 
and provides a 1-kHz cutoff frequen- 
cy. The filter accurately passes the 
signal’s de level and acts as a fifth- 
order lowpass filter for ac signals 
riding on the de signal. Fig 2b gives 
the passband amplitude response of 
Fig 2a’s circuit. 

Useful for input frequencies from 
0 to 20 kHz, the LTC1062 operates 
from single or dual power supplies 
whose total voltage span can range 
from 5 to 18V. The filter comes in 
two versions, which cover operat- 
ing-temperature ranges of —40 to 
+85°C and —55 to +125°C. Pack- 
aged in an 8-pin plastic or hermetic 
DIP, the filter IC draws 7 mA max 
at 25°C and 10 mA max over temp- 
erature. LTC1062CN8, $3.55; 
LTC1062MJ8, $7 (100). 

—Bill Travis 

Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 
95035. Phone (408) 942-0810. 
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Monolithic quad matched-transistor array 
specs =2% beta matching for all devices 


A quad monolithic npn-transistor 
array, the MAT-04, offers close 
matching of transistor parameters. 
The manufacturer tests all possible 
pairs of the quad for offset voltage 
(Vpei— Vpe2), input offset current 
(Ipi—Ig2), and gain (hrg) match. The 
array is available for operation over 
two temperature ranges: Units with 
-E and -F suffixes are specified over 
—25 to +85°C; models with -A and 
-B suffixes perform over —55 to 
+125°C, 

At 25°C, the highest-grade mod- 
els (MAT-04A and -04E) spec 400 
min, 800 typ hrs. The reduced-spec 
models (MAT-04B and -04F) spec 
300 min, 600 typ for this parameter. 
Gain matching is within 2% and 4% 
max for the high-grade and re- 
duced-spec units, respectively. Re- 
spective offset voltages for the two 
units are 150 and 300 wV max, and 
maximum input offset currents (at 


I~=100 wA) are 5 and 18 nA. 

Over —25 to +85°C, the high- 
grade MAT-04E specs an hrs of 225 
min, 625 typ. Maximum offset volt- 
age is 210 wV. Corresponding specs 
for the reduced-spec Model MAT- 
04F are an hrs of 200 min, 500 typ 
and a maximum offset voltage of 420 
wV. Over —55 to +125°C, the high- 
grade MAT-04A specs hrg of 175 
min, 475 typ and the reduced-spec 
-04B specs 125 hre min, 425 hre typ. 
Respective maximum offset volt- 
ages for these two models are 250 
and 500 wV max. 

At 25°C, all units spec 40V min 
BVcero,; 60-mV max VcEsaT) (at I-=l 
mA), 5-pA typ Icgo, and 300-MHz 
typ gain-bandwidth product. Noise 
specs for the MAT-04A/E and 
-04B/F are 3 and 4 nV/V Hz max at 
Vcs=0V and f»=10 Hz. Input and 
output capacitance for all units is 40 
and 10 pF typ, respectively. 


The MAT-04 quads incorporate 
protection diodes across each base- 
emitter junction. According to the 
manufacturer, these diodes ensure 
long-term stability of matching pa- 
rameters by preventing parameter 
degradation that could otherwise 
arise because of reverse-bias base- 
emitter current. The manufacturer 
claims that the transistors offer 
very close logarithmic conformance; 
they’re therefore suitable for use in 
log and antilog circuits. Packaged in 
14-pin epoxy and hermetic DIPs, 
the industrial- and military-range 
devices cost $5.40 and $10.40 (100), 
respectively.—Bill Travis 

Precision Monolithics Inc, Box 
58020, Santa Clara, CA 95052. 
Phone (408) 727-9222. TWX 910- 
338-0218. 

Circle No 727 





Low offset, close gain matching, and log conformance are hallmarks of the MAT-O4 quad transistor arrays. 
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Stimulate. Simulate. 
Emulate. 


The one digital signal generator 
that does it all. 


Now it’s easy to supply a wide range of digital 
signals to your devices under test, with no sacrifice 
in performance. The new HP 8175A Digital Signal 
Generator gives you a powerful and versatile set of 
features. Enough to handle the most demanding of 
today’s as well as tomorrow’s applications. 


Reliable results for engineering 
design and debug. 

Increase your measurement reliability by driving 
your busses and I/O lines with up to 50 Mbit/sec 
parallel pattern rate and 100 Mbit/sec serial bit rate. 
Generate complex asynchronous timing patterns with 
the programmable pattern duration feature, output 
one pattern at 20 nsec, the next at up to 9.9 sec. 
And let your test system interact with the device 
under test, thus emulating conditional branches and 
bidirectional interfaces. Plus the HP 8175A lets you 
accommodate a wide range of logic families with 
specified performance at the probe tip. 





HP-IB: Not just IEEE-488, but the 


DESIGNED: FOR 
hardware, documentation and 
support that delivers the shortest 


SYSTEMS path to a measurement system. 





A real time-saver for manual and 
automated applications. 

Improve your engineering efficiency with the 
HP 8175A’s menu-driven commands and data editor. 
Semi-automate your tests by accessing a disc drive 
for quick set-up and a printer for convenient docu- 
mentation, with no need for a separate controller. 
Mnemonic-driven HP-IB programmability integrates 
it into your production and maintenance ATE sys- 
tems. Teamed up with an HP 1630/31 Logic Analyzer, 
the HP 8175A gives you a complete stimulus-response 
system for detailed evaluation of complex IC’s and 
boards for computers, peripherals, communications, 
signal processing and radar. 


Call HP today. 


For more information, call your local HP sales 
office listed in the telephone directory white pages. 
Ask for the electronic instruments department. 


PD) packaRD 
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Successive-approximation A/D converter 
delivers 12-bit output in 1.56 psec 


The Model HAS-1202A 12-bit hy- 
brid D/A converter, an enhanced 
version of the HAS-1202, converts 
in 1.56 sec max, vs its predeces- 
sor’s 2.86 wsec. In both converters, 
a high-speed, current-output D/A 
converter works in conjunction with 
a comparator and a successive-ap- 
proximation register. The devices 
also contain timing circuitry, as well 
as a voltage-reference block that 
imparts a 10.24V full-scale analog- 
input range to the converters. 

If the 10.24V input range seems 
unusual (most converters use a mul- 
tiple of 5V), note that this range 
yields a least significant bit (LSB) of 
exactly 2.5 mV, vs the 2.44 mV 
that’s inherent in a 10V-range con- 
verter. By connecting the appropri- 
ate pins, you can configure the de- 
vice’s input for either 0 to 10.24V 
unipolar or +5.12V bipolar input 
ranges. Output coding is straight 
binary; that is, the most negative 
input voltage in the input range 
produces all zeros and the most pos- 
itive yields all ones. 

Capable of operating at conver- 
sion rates as high as 641 kHz, the 
HAS-1202A is able to digitize input 
signals possessing frequency com- 
ponents as high as 320 kHz. Note 
that to obtain this digitizing rate, 
you must use a track/hold amplifier 
to ensure that the converter’s input 
voltage does not change by more 
than % LSB during the 1.56-ysec 
conversion period. (The manufac- 
turer’s HTC-0300A track/hold am- 
plifier is suitable for this purpose, as 
is the industry-standard 4860 type.) 

The 1202A offers guaranteed 
monotonicity at 25°C. The use of the 
term “monotonicity,” however, is a 
misnomer—all successive-approxi- 
mation A/D converters are mono- 
tonic (ie, output codes never de- 
crease as input voltages increase). 
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The manufacturer confirms that the 
data sheet should instead read “no 
missing codes” at 25°C. Typical inte- 
gral and differential nonlinearity at 
25°C is +% LSB, and linearity drift 
is 3.5 ppm/°C typ. 

Available for operation over three 
temperature ranges (0 to 70°C, —25 
to +85°C, and —55 to +100°C), the 
HAS-1202A comes in a 32-pin, tri- 
ple-wide ceramic or metal DIP. 


| REFERENCE } 


HAS-1202A 
A/D CONVERTER 


12 BITS, 2MHz 


Units that operate over —55 to 
+100°C receive screening to MIL- 
STD-8838. Operating from +15 and 
5V supplies, the converter dissi- 
pates 1.9W max. From $175 (100). 
—Bill Travis 
Analog Devices Literature Ctr, 70 
Shawmut Rd, Canton, MA 02021. 
Phone (919) 668-9511. 
Circle No 728 


D/A CONVERTER 


oe 


COMPARATOR 





TIMING - 


Nearly twice as fast as the earlier HAS-1202, the HAS-1202A 12-bit A/D converter converts 
in 1.56 psec. The part, which is pin compatible with the earlier model, is also compatible with 
TTL logic levels. It delivers data in a 12-bit parallel format and accepts analog input voltages 


of +5.12V or 0 to 10.24V. 
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The new Vivisun 20/20 switches make a pilot’s 
mission safer by night and easier by day. A unique 
optics system eliminates the veiling glare and halo 
effect that would interfere with ANVIS night vision 
goggles. When voltages are trimmed to night vision 
goggle flying levels, Vivisun 20/20 switches can still 
be read with the unaided eye. 

During the day, Vivisun 20/20 switches are read- 
able in direct sunlight and deadface when not 
energized. They are also easy to install and have 
the lowest touch temperature and widest viewing 





SUNLIGHT 
READABLE 
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angle in the industry. Clearly, no other Mil-Spec 
switch can match it. And you can specify your 
Vivisun 20/20 switches with these options: 
Dustproof/Dripproof +* Split Ground +» P.C. 
Termination » EMI. For more information, write, 
phone or telex today. 


AEROSPACE OPTICS INC. 
3201 Sandy Lane, Fort Worth, Texas 76112 
(817) 451-1141 + Telex 75-8461 








MIL-S-22885/90 
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One-chip unity-gain difference amplifier 
specs 86-db CMRR and 0.01% gain error 


Although the INA105 monolithic 
difference amplifier is deceivingly 
simple—an operational amplifier 
and four resistors—the chip pro- 
vides specs that would be difficult to 
realize in a discrete circuit that you 
could build by yourself. For exam- 
ple, the amplifier’s guaranteed 
worst-case common-mode rejection 
and gain error are 86 dB and 0.01%, 
respectively. 

The specified nonlinearity (a spec 
that’s often more important than 
the absolute-gain-error spec) of the 
INA105 is 0.001% max. A typical 
application that demands such a lin- 
earity spec is a 16-bit A/D-conver- 
sion system. One LSB at 16-bit res- 
olution is 0.0015% of full-scale 
range. Therefore, the difference 
amplifier contributes % LSB max 
integral nonlinearity to the system. 
Note that the INA105’s data sheet 
uses the best-fit straight-line defini- 
tion for its nonlinearity spec—its 
end-point nonlinearity could, there- 
fore, be as much as twice the speci- 
fied value. 

Operating from +15V supplies, 
the amplifier delivers +10V min 
output swing at currents as high as 
20 and —5 mA. The 20-mA capabili- 
ty makes the device useful in 4- to 
20-mA current-transmission  sys- 
tems. When the output is short- 
circuited to ground, current-limit- 
ing levels are 40 and —10 mA. 
Output impedance is typically 10 
mQ. The amplifier remains stable 
when driving capacitive loads as 
high as 1000 pF. 

Differential and common-mode 
input impedance is typically 50 kQ, 
and the inputs accept differential 
and common-mode input signals as 
high as +10 and +20V, respective- 
ly. Common-mode rejection over 
the —25 to +85°C operating range is 
80 dB min for the INA105AM and 86 
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dB min for the premium-grade 
INA105BM. Initial offset voltage is 
250 »V max for both grades, and 
offset drift is 20 and 10 pV/°C max 
for the -AM and -BM models, re- 
spectively. 

Typical noise specs, which include 
the effects of the amplifier’s input- 
current noise and the thermal-noise 
contribution of the resistor net- 
work, are 1.2 pV p-p from 0.01 to 10 
Hz and 60 nV/VHz at 10 kHz. 
Small-signal and full-power band- 
widths are typically 1 MHz and 50 
kHz, respectively. The device’s out- 
put slews at 2V/ysec min and settles 


a 10V output step to within a 
+0.01% error band in 5 usec typ. 

Housed in a TO-99 (similar to 
TO-5) metal can, the INA105 draws 
+2-mA max quiescent current. The 
unit operates from supplies ranging 
from +5 to +18V. Note, however, 
that all guaranteed specs are valid 
only for operation from +15V sup- 
plies. Prices for the INA105AM and 
-BM are $5.75 and $7.20 (100), re- 
spectively.—Bill Travis 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (602) 746- 
1111. TLX 666491. 

Circle No 729 





Simple topology and extremely tight specs characterize the INA105 monolithic difference 
amplifier. The IC uses an on-chip, thin-film resistor network and a premium-grade 
operational amplifier to achieve its common-mode, gain-accuracy, and linearity specs. 
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FOLLOWING A DESIGN ENGINEER 
AROUND ON ATYPICAL DAY 
CAN LEAD TO ONLY ONE CONGLUSION. 



























































TRE TOTAL WORKDAY SYSTEM 


VIEWlgic 2 





Workview 


On any given day, design 
engineers are apt to be 
out of their offices as often 
as they’ re in. 

To do design work, 
they have to park them- 
selves in front of a work- 
station somewhere. For 
their documentation 
needs, they have to hover 
over a secretary. And it’s 
back and forth through- 
out the organization to 
dispatch copies of their 
schematics. 

Not only is this extra- 
ordinarily inefficient. 
Thanks to Workview.™ it’s 
also entirely unnecessary. 

Eminently affordable, 
Workview is the first and 
only IBM PC-based 
software program that 
addresses the three fun- 
damental aspects of the 
design engineer’s job— 
design, documentation 
and communications. All 
integrated under one easy 
to use, multi-windowed 
user interface, it’s The 
Total Workday System™ 

Workview supports 
analog, semicustom chip 
and design with standard 
parts. Its design facilities 
include a schematics 
editor and an interactive 
simulator with waveform 
1/0 editing. Its documen- 
tation facility allows you 
to merge graphics and 
text. Finally, through 
Ethernet, Workview’s 
communications facility 
provides for instant 
communication, pc to pc 
and pc to host. 

For more informa- 
tion, call us toll-free at 
1-800-CAE-VIEW. 

In MA, the number is 
617-480-0881. 


VIEWlogic’ 


Viewlogic Systems, Inc., Marlboro, MA 01752. ©1985, Viewlogic Systems, Inc. All rights reserved. Workview and The Total Workday System are trademarks of Viewlogic Systems, Inc. 
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IBM-PC based 


microcomputer 
development tools! 





8868 cpl C 
861 djnz R4, DoLoop 


8848 xch A,R2 


( 0863 | R4, DoLoop 
1 61 RS-68 P1-87 C8:87E7 PD: 8888 fi 
2 21 R6 61 P2-FF Ci-FDFE ac-87 
DC 





(8051 debug/simulator shown) 


Your IBM PC can Assemble, debug 
and program (EPROM) code 

for these popular 
microcomputers: 








VX 








Se oe Eee a 
ais incre er eee 












Step f 0 B Y VA 

your 

code, 

watch 

registers A 

& memory 

change, ; 

interrupts 320 Sly 
occur, stack 

push & pop. Z8 % 
Flowgraph 













auto-documents code! 
You set breakpoints & 
register traps, count 
machine cycles, and 
scan source code and 
symbols. Single-key 
commands prompt for 
arguments if needed. 
Have more fun and get 
more done! 


Seeds | 


G6S$ 
wo GSpot 





8808 pue 
9608 }da0xa 







debug demo diskette 
and manual only $39.50 


Cybernetic Micro Systems 


P.O. Box 3000 
San Gregorio, CA 94074 U.S.A. 


(415) 726-3000 © Telex 171135 Attn: Cyber 
CIRCLE NO 66 
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ROM-based OS makes STD 
systems MS-DOS compatible 


Because it’s fully compatible with 
PC-DOS, the STD DOS proprietary 
operating system for 16-bit STD 
Bus computers lets you use an IBM 
PC or compatible computer as a 
development system for industrial 
computer systems. An emulative 
operating system, STD DOS pro- 
vides all the standard functions of 
MS-DOS in the appropriate format 
and furnishes an intelligent link be- 
tween the target system and a PC. 
You can, therefore, take advantage 
of existing software modules and 
programs while developing new 
software for industrial applications. 


Extending the file structure 


For development applications, the 
operating system offers a few subtle 
improvements over MS-DOS. STD 
DOS supports four basic file types: 
PROM, RAM, disk, and remote. 
The PROM and RAM files are tar- 
get-system files for storing the 
operating system, application pro- 
grams, and data. The operating sys- 
tem can support a 320k-bit PROM 
and as much as 768k bytes of RAM. 

Disk files can either be in the 
target system or in the development 


System. The target system can ac- 


cess a disk file in the development 
system—or in any IBM PC linked to 
the target processor via a serial 
port—by treating the disk file as a 
remote file. Labeling a file as re- 
mote allows the target system to 
access the file by name, so you don’t 
need special communications soft- 
ware to access files. 

The operating system comes with 
a DOS driver template and sample 
driver source code to help you write 
application-specific peripheral driv- 
ers for nonstandard I/O (like that of 
an automation system, for exam- 
ple). The BIOS and standard device- 
driver package provides easy access 





In this target-system configuration, a com- 
plete system resides on two STD Bus boards. 
STD DOS, an MS-DOS-compatible operating 
system, resides in ROM. 


to most common system peripherals 
using PC DOS calls. 

For software development on 
your PC, the vendor offers the DOS 
8806-PCA (PC-assisted) system, 
which includes a 5-MHz 8088 CPU, 
a 320k-bit PROM, 256k bytes of 
RAM, a serial port, five counter/ 
timers, a peripheral controller, two 
parallel ports, a card cage, and STD 
DOS development software and 
firmware. The package starts at 
$1995. 

The vendor also offers the STD 
DOS firmware with a 2-board target 
system (DOS 8806-TS) that includes 
the firm’s ZT 8806 CPU card and ZT 
8823 RAM card. These cards also 
feature a 5-MHz 8088 CPU, a 192k- 
bit PROM, 256k bytes of RAM, a 
serial port, five counter/timers, a 
peripheral controller, and two par- 
allel ports. DOS 8806-TS, from 
$995.—Ed Teja 

Ziatech Corp, 34383 Roberto Ct, 
San Luis Obispo, CA 93401. Phone 
(805) 541-0488. 

Circle No 731 
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Elfab Introduces: The F our Row Box Pac.’ 


High Density Interconnectior at its best. 






FEMALE CONNECTOR 


Module board signal lands 
on .050 centers 


Power or ground lands 


Connector 
rows on both 


a7 Sides 


of board 


Power pin spans two 


connector positions Backpanel 


® High density ® Optional Keying For a free brochure 
interconnect system with © Low insertion force write to: 
4 rows on .100” grid. ® Male press-fit design or Elfab Corporation 

e Shortest conductor path Sye)(6(o1 mm fl 1097 Yates 
between module board ® Early mate power pins Lewisville, Texas 75067 
and backpanel, with ® Female surface mount 214/221-8776 
consistency of distance adapts to either vapor or call toll free: 
between all four rows phase or reflow 1-800-527-0753 

® Optional power and soldering 


ground busses CIRCLE NO 68 





Press-fit power pin 
span two connector - 
positions pastes sate —— 





MALE CONNECTOR 


Press-fit pins 


Power and ground 


busses 


In Europe: 


Elfab Europe, B.V. 
Raheen Industrial Estates 
Limerick, Ireland 
(061)-27600 Telex: 70150 


— a 


“\ ELFAB 


“== ===" INTERCONNECTION 
Ss 
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200,000 Vectors/Sec 


From Any Angle. 


The Fastest Part About This Car : 
Is the Workstation that Produced It—UltraGraf III. 


Lundy’s new UltraGraf Ill is the 
fastest 3-D color workstation in its 
price range. And that means higher 
productivity in many applications. 


Zero to 200,000 in One Second 


But don’t take our word for that. 
Take charge of the controls and put 
this incredible new machine through 
its paces. Feel the responsiveness 
of a double-buffered graphics en- 
gine that processes over 200,000 
short vectors per second—in vivid 
color. Experience the breath-taking 
speed and precision of UltraGraf III 
as it handles complex curves with 
ease. Or shift into 3-D multiwindow 
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mode and display several designs at 
once on the large 19-in. screen. 


Great Systems Development Mileage 


The modular UltraGraf III displays 
up to 256 simultaneous colors from 
a palette of up to 16.7 million. It 
boasts double-buffered, noninterlace 
display resolution of 1024 by 1024, 
and communicates with various I/O 
devices via serial and 16-bit parallel 
interfaces. It also operates with 
many host computers. As such, it’s 
easy to integrate UltraGraf III into 
many design systems. 

To facilitate your systems develop- 
ment even further, Lundy offers a 
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CORE standard software subroutine 
package and a seasoned pit crew— 
one of the largest service and sup- 
port networks in the industry. 

No other workstation takes you 
from starting line to production line 
faster than UltraGraf III. Contact: 
Graphics Marketing, Lundy Elec- 
tronics & Systems, Inc., One Robert 
Lane, Glen Head, N.Y., 11545. 

(516) 671-9000. 


® 


LUNDY 
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Stainless-steel keyboards 


withstand harsh environments 


Impervious to most cleaning sol- 
vents, oil, water, acids, and alka- 
lines, Series MT-8700 stainless-steel 
membrane keyboards are suitable 
for use in industrial controls, food 
processors, aircraft, medical instru- 
ments, petroleum equipment, and 
other applications that are subject 
to extreme environmental condi- 
tions, such as exposure to the ele- 
ments. The keyboards offer four 
switch-contact configurations: spst- 
NO (Form A), spst-NC (Form B), 
spdt (Form C), and dpdt (Form 2C). 

Unlike standard polycon mem- 
brane switches, stainless-steel 
switches are impervious to ultravio- 
let rays. The etched keyboard char- 
acters are scratch resistant; multi- 
colored keys and a nonglare surface 
are optional. 

Electrical specifications for the 
keyboards include 0.10 contact re- 
sistance, and 10-MQ insulation re- 
sistance at 100V dc. The switches’ 
current rating is 200 mA at 6V de. 
Nominal contact-bounce time for 


Able to withstand rough environmental conditions, Series MT-8700 stainless-steel mem- 
brane keyboards are available in four different contact configurations. They operate over —20 


to +125°C and spec a 3 million-cycle lifetime. _ 
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one of the switches is 1 msec. Di- 
electric strength between any two 
conductors measures 250V rms. For 
termination, the keyboards are 
available with connectors or pins. 
EMI/RFI shielding is optional. 

Activating a key requires 6 to 12 
oz of force; key travel distance is 
0.015 in. The keyboards offer mini- 
mum lifetime specs of 3 million cy- 
cles per key and operate over —20 to 
+125°C. They can withstand 95% 
relative humidity at 50°C for 15 
days. 

Pricing for the keyboards de- 
pends on the switch type and num- 
ber of stations you choose. In quan- 
tities of 1000, 12-station keyboards 
cost $18.60 (Form A) to $42.50 
(Form 2C). For 16-position key- 
boards, the respective prices are 
$24.75 and $56.50.—Tom Ormond 

DPI Laboratories Inc, Membrane 
Technology Div, 359 S Rosemead 
Blvd, Pasadena, CA 91107. Phone 
(818) 449-6022. 
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AMERICA'S BEST 
PROGRAMMERS 



















Z-1000B UNIVERSAL 
PROGRAMMER 


® Over 600 PLDs, EPROMs, EEPROMs, 
Bipolar PROMs and INTEL MCUs. 


® Separate D/A channels for each pin. 

® Upgradeable PROM based software. 

@ Stand alone or PC/XT/AT operation. 

© Two independent RS-232 ports. 

® 64K or 256K bytes of DATA RAM. 
EXATRON handler interface is standard. 





Z-3000 HIGH VOLUME 
GANG/SET PROGRAMMER 
® 14000 27256s programmed per day. 


@ 32 EPROMs simultaneously with 1 to 8 
DATA BLOCKS. 


@ 16 Intel or Motorola MCUs ata time. 
64K to 256K bytes of DATA RAM. 


Z-1200B TWELVE SOCKET 
GANG/SET PROGRAMMER 
® 2716-27512, 1 to 4 DATA BLOCKS. 
® 64K to 256K bytes of DATA RAM. 
@ Software personality. No plug-ins. 

















Z7-2500B IN-CIRCUIT 
MEMORY CARD PROGRAMMER 


® Programs up to 32 memory cards with 
EPROMs or microcomputers at a time. 


® Two 1.2 Mbyte DSDD floppy disk drives. 
Optional 20 Mbyte hard disk. 
e Turnkey systems include programmer, 


terminal, custom interface hardware and 
software. 


@ Simple menu driven operation. 


ZAP SERIES engineering and field service 
programmers for EPROMs to 27C1024, Intel 
and Motorola microcomputers. 


Z-400 economical bipolar PROM and EPROM 
programmer. 


RN RT LE 


SUNRISE ELECTRONICS, INC. 
524 South Vermont Avenue 
Glendora, California 91740 

(818) 914-1926 
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THE BOTTOM LINE IS THE 
REASON YOU SHOULD USE OUR 


NEW PRODUCTION EPROMS 


— 


eee 


Study the bottom line 
and you ll find that now, 
using Intel's Quick-Pulse 
Programming” algorithm, 
you can program a 27256 
plastic production EPROM 
in less than four seconds. 
Which translates into 1000 
EPROMs in a single hour. 

Versus only 21 CERDIP 
(using conventional pro- 
eramming algorithms). 





Which not only saves 
you time, but saves you 
equipment and labor costs 
as well. In fact, you can 
now program our P27256 
EPROM for less than a 
tenth of a cent. 

And because you 
program so much more 
quickly, you improve 
throughput. Getting more 
product out the door. : 
Which is great for your 
bottom line. 

And since these fast- 
programming EPROMs are 
plastic, they re perfect for 
auto-insertion and high- 
volume applications. 
Bringing you one step 
closer to a fully automated 
factory. 


also have a great bottom 
line against ROMs. Using 
Intel's new algorithm in 
tandem with plastic can 
push the overall cost of 
EPROMS well under what 
you pay for ROMs. 
Which means you can 
stay with EPROMs and 
never use ROMs again. 
And never worry about 
another code change. Or 
the nightmare of your 
production line coming 
to a dead halt. You'll be 
able to react instantly to 
market changes. With no 
wasted inventory. Ever. 
You ll also have the 
superior reliability of Inte 
production EPROMs. 
Intel is the first manu- 


of plastic EPROMs both 


© 1985 Intel Corporation. 


Our production EPROMs 


facturer with 100% testing 


efore and after assembly 


And with the same high 


programmability yield rate 
as CERDIP. Typically 99.9%. 
Plus our package reliability 
surpasses the industry 
standards for steam and 
moisture testing. 

Best of all, our new pro- 
duction EPROMs with our 
new algorithm are avail- 
able now in the quantities 
you need. And in densities 
from P2764A through 
P27256. With programmin 
support from both Intel 
and Data I/O production 
gang programmers. 


COST-EFFECTIVENESS OF PLASTIC EPROMS ILLUSTRATED 


EPROMS 


ROMS 


PLASTIC EPROM 


Burdened Manufacturing Costs 





1985 


The advent of plastic EPROMs along with Intel’s new 
Quick-Pulse Programming™ Algorithm, has made them 
more cost effective than ROMs in many applications. 


For more information 
on fast programming, and 
our new reliability report, 
call toll-free 800-538-1876, 
or write Intel Corporation, 
Lit. Dept. W-248, 3065 
Bowers Ave., Santa Clara, 
CA95051. 

Or better yet, call your 
local Intel sales office an 
well discuss the cost- 
saving features of these 
production EPROMs with 
you personally. 

So you can get right 
down to the bottom line. 

ast. 


intel 
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Percentage of respondents 


ITEM 


TRANSFORMERS chal ; 

Toroidal |) 6hlu | h6U hl Oe 
Pot Cote 64 1 85 
CONNECTORS 
Military panel 
Flat/Cable 
Multipin circular 
















RF/Coaxial 
Socket 
Terminal blocks 
Edge card 
Subminiature 
Rack & panel 
Power 
PRINTED CIRCUIT BOARDS 
Single-sided 
Double-sided 
Multilayer 
Prototype 


RESISTORS 


Carbon film 

Carbon composition 
Metal film 

Metal oxide 
Wirewound 
Potentiometers 
Networks 


FUSES 

















olololo 
4,69" Go7- 








SWITCHES 
Pushbutton 


Rotary 

Rocker 
Thumbwheel 
Snap-action 
Momentary 
Dualin-line 
WIRE AND CABLE 
Coaxial 

Flat ribbon 
Multiconductor 
Hookup 
Wirewrap 
Power cords 
Other 


POWER SUPPLIES 
Switching 


Linear 


CIRCUIT BREAKERS 





HEAT SINKS 
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RELAYS _ 
General purpose 30 4.8 
PC board 12 : 
Dry reed oO. 5.0 4.6 
Mercury 0. 6.3 
Solid state 15 6.4 
DISCRETE SEMICONDUCTORS 
Diode 32 . 35 5.0 
Zener 
Thyristor 
Small signal transistor 
FET, MOS 5.6 
Power, bipolar 5.9 

































OP amplifier 
Voltage regulator 


MEMORY CIRCUITS 
RAM 16k 


RAM 64k 
RAM 256k 
ROM/PROM 








EEPROM 
DISPLAYS | 
Panel meters 5.0 
Fluorescent 
Incandescent 5.3 
LED. 5.3 
Liquid crystal 
MICROPROCESSOR 3 
8-bit 6.9 
16-bit 7 eo . EE. 2 Bo) 
FUNCTION PACKAGES 
Amplifier Oo. 
Converter, analog to digital O 
Converter, digital to analog - eo. 


LINE FILTERS 




























CAPACITORS 


Ceramic 
Ceramic monolithic 
Ceramic disc 













Electrolytic 
Tantalum 18. 41 


INDUCTORS 





Source: Purchasing magazine’s electronic business survey 
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When the 
chips are down, 


GaAs FETs FROM HARRIS MICROWAVE: YOU CAN’T AFFORD TO WAIT. 






You know all GaAs chips are not created equal. . .so when you 
shop for FETs, you search for the best value. When it comes to per- 
formance, quality, service and price. . . Harris delivers. 

Slo) (elm aomsleyeumenyoye-vele-imloveur-bercuntetselelelyomeet-lnvet-leraceni anole) ceslele 

: superior uniformity and wafer-to-wafer 
I) 1] consistency. The first ten chips you buy 
eC VET, S from Harris will perform to the same set of 
; rigid specifications as the chips you pur- 
Vda 11C. chase six months from now. 
And Harris’ metallization system and 
T-gate structure contribute to excellent bonding and die attach 
characteristics, as well as providing greater durability and 
resistance to electrostatic discharge. 


This means higher circuit yields for you | DYaivaas 


in production. : 

Harris quality certification tests are as lit 
rugged as our chips. Each and every Harris Qu V. 
GaAs FET wafer must pass a bat- 
tery of tests which exceed the Element Evaluation 
requirements of MIL-STD-883C, Method 5008, 
Class B. And Harris GaAs FET chips 
/ are uniquely serialized for the ultimate 
/ in traceability. ; 






© Harris Microwave Semiconductor, 1985 
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Our complete family of low noise, high gain and power opti- 
mized FETs are available now from a large inventory of pre- 
qualified wafers. On-time customer delivery is our forte. 

The best news? Harris FETs are competitively priced. . .and 
we intend to keep it that way. | 

When you shop for GaAs FETs, shop 


e 
Harris—for value, quality, delivery and ap- I) 1] 
plication support. You can’t afford to wait. , “ VET S 
Call our FET HOT LINE, (408) 434-0832 T | 
io) ar-y 0) 0) b(er-Ha(eyemciey oe) ole) amar-beCembesteslererttne @) 81 Ime. 
Nebo weet-laloyemeyomeulabelca-beleme(othvomys : 
Harris Microwave Semiconductor, 1530 


McCarthy Boulevard, Milpitas, CA 95035, 
(408) 262-2222 (TWX 910 338 2247) 


GaAs FETS 
From Harris. 





For your information, our name is Harris. 


CIRCLE NO 73 








Special Report 


Diodes 
rectifie 





Today's high-density systems demand low 
on-voltages, good thermal properties, and 
fast recovery characteristics from the diodes 
and rectifiers used in power-conversion and 
circutt-protection circuitry. Besides provia- 
ing these advantages, recent diodes and 
rectifiers offer volumetrically efficient 


packaging. 





Bill Travis, Senior Editor 


Driven by demands for improved efficiency in compact 
systems, manufacturers of diodes and rectifiers are 
offering products that show improved forward-voltage- 
drop, turn-off-time, and reverse-voltage capabilities. 
Such characteristics are important in a variety of 
applications. Consider, for example, that systems now 
operate from lower power-supply voltages than they 
did in the past, and the decreasing power-supply volt- 
ages (for instance, from the traditional +15V to the now 
ubiquitous 5V to the future 3.3V standard) create a 
need for efficient, low-drop rectifiers. Further, the 
growing adoption of high-frequency switching supplies 
creates the need for rectifiers that combine fast switch- 
ing and low voltage drop. 

As with other electronic products, improvements in 
diodes and rectifiers (the terms can be interchangeable; 
a rectifier is simply a high-current—roughly =0.5A— 
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Suitable for pick-and-place mounting techniques, these small- 
outline rectifiers from Varo offer current ratings of 1 to 20A and 
reverse-voltage capabilities of from 20 to 600V. 


diode) come about via improvements in processing and 
packaging, as well as via the adoption of entirely new 
classes of devices. Processing advances are ages pt 
for such improvements as lower forward drop, in 

creased reverse-voltage capabilities, and decreased re- 
covery time. Recent packaging innovations improve 
rectifiers’ thermal-transfer characteristics and ease of 
mounting. And nontraditional devices—for example, a 
bipolar transistor designed for use as a synchronous 


eaRieont oe cae Cees een ne AN Gem I S eo e  Re 
Rectifiers’ fast recovery times and low forward- voltage drops let 
you unlock improved system efficiency, even when you’re designing 
low-voltage circuits. (Photo courtesy Unitrode) 
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This isolated module, Westinghouse’s Pow-R-Blok, accommodates 
various thyristor/rectifier combinations, controls currents as high as 
160A per device, and guarantees 2500V isolation. You can obtain the 
module with single or dual devices. 





rectifier—deliver efficiency that traditional rectifiers 
can’t match. 

In comparison with pn-junction devices, Schottky 
rectifiers exhibit much lower forward-voltage drop. For 
a given current rating, a Schottky unit displays an 
on-voltage measuring 50 to 70% that of a pn rectifier of 
comparable die size. The Schottky devices offer consid- 
erable advantages, therefore, in systems in which a 
rectifier’s forward drop can compromise efficiency. A 
prominent example of such systems is a low-voltage 
switching power supply. Consider, for instance, a 5V, 
100A supply in which the rectifiers (pn types) exhibit 
1.1V forward drop. You can easily calculate that 110W 
power loss occurs in the rectifiers. Reducing the for- 
ward drop to 0.60V (by using Schottky devices) cuts 
this power loss to 60W. 

Note that, because a Schottky rectifier is a majority- 
carrier device, it doesn’t have a reverse-recovery-time 
spec. In contrast, a pn rectifier, which works with 
minority carriers, carries stored charge that’s propor- 
tional to the current conducted in the forward direc- 
tion. Reverse-recovery time in such devices is the time 
required to sweep out these minority-carrier charges. 
A Schottky rectifier, on the other hand, exhibits a large 
Junction capacitance—for large units, this spec may 
reach several thousand picofarads. 

According to Unitrode Corp (in its Application Note 
U-85), the high junction capacitance of a Schottky 
rectifier makes the device’s recovery characteristic 
resemble that of a fast pn-junction rectifier. And, 
because Schottky devices are prone to excessive heat- 
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ing and damage in the breakdown mode, it’s a good idea 
to use an RC snubber network across the rectifier. The 
large junction capacitance is the reason that Unitrode, 
as well as other companies, includes a maximum slew- 
rate spec (for example, 1000V/ysec) in the data sheets 
for its Schottky rectifiers. According to the expression 
i=CdV/dt, the application of a fast-slewing reverse 
voltage can cause excessive and damaging charging 
currents to flow. 

Unitrode will shortly announce a series of low-Vr 
Schottky rectifiers. A 25V, 75A (average forward cur- 
rent) model packaged in a DO-5 case operates over —65 
to +175°C and specs 0.8°C/W 8jc (junction-to-case ther- 
mal resistance). The company also plans to offer the 
rectifiers in power modules and in a TO-247 (modified 
TO-220) plastic package. The as-yet-unnamed devices 
will spec 125°C forward-voltage drops of 425, 450, and 
900 mV at currents of 60, 75, and 150A, respectively. 

The firm is also reducing forward voltages in its 
lower-current devices. One example—the $6.45 (100) 
USD245 4A, 45V rectifier—specs 0.45V max forward 
voltage at 2A and 125°C junction temperature. The 
supplier claims the 0.45V Vr is the lowest forward- 
voltage spec available in the industry. The USD245, 
which comes in a TO-39 metal can, has 450-pF max 
junction capacitance and withstands a 1000V/ysec slew 
rate. According to the manufacturer, the device has a 
softer recovery characteristic than that of ultrafast 





An isolated module with high thermal efficiency, the Semipack 2 
from Semikron can contain rectifiers that control currents as high as 
160A and withstand reverse voltages as high as 1800V. The module 
accommodates any combination of thyristors and rectifiers. 
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pn-junction devices. The recovery characteristic is a 
function of the junction capacitance and the external 
circuitry (see box, “Keep diode recovery time short”). 

A typical example of DO-5-encased Schottky rect- 
ifers that spec low forward voltages (though not as low 
as that of the USD245) is the industry-standard SD51, 
which is produced by Solitron, Varo, Motorola, Uni- 
trode, International Rectifier, and Siemens. This recti- 
fier is a 60A, 45V device that specs 0.6V Vr at 60A, 
125°C. Its maximum reverse current is 50 mA at 25°C 
and 200 mA at 125°C. The device’s junction capacitance 
is 4000 pF max, and its maximum permissible slew rate 
is 700V/psec. 

For high-current applications requiring low forward- 
voltage drops, consider a center-tapped, dual-diode 
assembly from Siemens Colorado Components Div. The 
eommon-cathode D2015, intended for full-wave rectifi- 
cation, comes in the company’s PowerMod module. The 
assembly is rated at 25V, 170A (average current) per 
leg; maximum surge current per leg is 2000A. Forward 
voltage is 0.46V at 50A, 25°C. The thermally efficient 
package provides a maximum 0jc of 0.5°C/W per leg, 
0.3°C/W per package. 

A center-tapped rectifier module from International 
Rectifier allows you to connect its two internal rectifi- 
ers in parallel for an increased current rating. The 
isolated 161CMQ Series, available in reverse-voltage 
ratings from 30 to 50V, operates with junction temper- 
atures as high as 175°C. Maximum average output 
current from the center-tapped network is 160A. For- 
ward voltage is 0.68V at rated current and 125°C 
junction temperature. Junction capacitance is 2900 pF 
per leg, and the maximum permitted slew rate for the 
application of reverse voltage is 1000V/psec. 

To obtain low forward voltages, consider germanium 
rectifiers as an alternative to Schottky diodes. Al- 
though their leakage currents at high temperatures are 
higher than those of silicon-based diodes, germanium 
devices offer the benefit of very low forward drop. A 
series of germanium rectifiers from Germanium Power 
Devices Corp guarantees 0.5V Vr at currents from 15 
to 500A and reverse voltages from 20 to 40V. Although 
the germanium units’ recovery times are only moder- 
ately fast (850 to 650 nsec), the devices offer much 
lower thermal resistivity than do Schottky diodes. 
Typical germanium rectifiers in DO-4 cases exhibit 
0.75°C/W junction-to-case resistivity (8jc), compared 
with Schottky diodes’ 2°C/W. 

Although they clearly exhibit lower forward-voltage 
specs than do pn-junction devices, Schottky diodes are 
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A Schottky diode’s low forward-voltage drop 
lets you design efficient, low-voltage sup- 
plies. Be sure, however, to take the junction 
capacitance into account. 





Able to control currents as high as 300A, the Semipack Series 
Schottky rectifiers from Semikron come in isolated and nonisolated 
versions. The units spec a 0.8V forward drop at 200A, and they can 
withstand surge currents as high as 2100A. 


limited-voltage components. In most manufacturers’ 
catalogs, in fact, the upper limits on reverse voltage for 
Schottky diodes are 45 or 50V. Taking into considera- 
tion the normal reverse voltages and the transients that 
occur in power-supply circuitry, this reverse-voltage 
limitation all but restricts Schottky rectifiers to 5V 
(max) power-supply applications. Several manufactur- 
ers are, however, taking steps to raise the voltage 
ceiling. 

International Rectifier, another supplier of both 
Schottky and pn-junction rectifiers, has recently an- 
nounced a series of 90 and 100V, 1.1A Schottky rectifi- 
ers. The 11DQ09 and 11DQ10 (rated at 90 and 100V, 
respectively) complement the firm’s 30, 40, 50, and 60V 
plastic, axial-leaded devices. Forward drop for both the 
90 and 100V rectifiers is 0.87V at 2.2A peak and 25°C. - 
This forward voltage (at a current 2.2 times the aver- 
age-current spec) compares favorably with that of most 
ultrafast, 1A pn-junction rectifiers, which spec Vr 
higher than 0.87V even at the 1A average-current 
level. 

Text continues on pg 132 
129 


a ETT TT TC CC TT <= 


: , 


Keep diode recovery time short 


To reduce switching losses, you 
should keep diode recovery time 
as short as possible. Under- 
standing the recovery character- 
_ istics of the two diode types— 
pn-junction and Schottky—can 
help you in your selection and 
specification of rectifiers. 

A pn-junction diode operating 
in the forward mode contains 
stored charge in the form of ex- 
cess minority carriers. If the cir- 
cuit connected to the diode tries 
to turn the diode off, as in Fig 
Aa, the stored charge makes the 
diode appear to be a short cir- 
cuit during the period t, (Fig 
Ab). Transition from t, to tg oc- 
curs when the stored charge is 
depleted to the point at which it 
can no longer supply the increas- 
ing current demanded by the 
circuit. 





l-FM 


RECOVERY 
(a) 


SLOPE=—dl/dt 
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(c) 


Fig A—A pn-junction rectifier’s turn-off 


characteristic is complicated, as you can 
see from these curves. The turn-off cur- 
rent waveform in a follows a JEDEC 


During the transition period 
tz, the device presents a high 
impedance and the reverse volt- 
age is permitted to increase; re- 
verse current dies down as the 
excess charge approaches zero. 
The curve in Fig Ab is that of a 
diode with a soft recovery char- 
acteristic. An abrupt recovery 
characteristic is shown in Fig 
Ac. According to Unitrode prod- 
uct manager Vinnie Guercio, a 
more useful way to specify recti- 
fiers (than using the universal 


_ trr Spec) would be to give values 


for Inu, softness (ta/tg), and the 
area under the tg portion of the 
recovery characteristic. 


Softness increases losses 


To understand why a long re- 
covery time, especially one with 
a soft characteristic, is deleteri- 


VIN Vout 


(a) (6) 








ous in switching circuits, consid- 
er the buck regulator in Fig Ba. 
In this regulator, the transis- 
tor’s on-time controls the con- 
version; a control circuit senses 
the output voltage and controls 
the transistor’s base drive. The 
inductor current is substantially 
constant as it flows alternately 
through the transistor and the 
catch diode. 

The curves in Fig Bb show 
the effects of the diode’s reverse 
recovery time on the transistor’s 
current, voltage, and power dis- 
sipation. The broken-line curves 
represent the performance you’d 
obtain if the diode had zero re- 
covery time; the shaded area in 
the transistor’s power curve in- 
dicates the additional power dis- 
sipation attributable to the re- 
covery time. You can see that a 


SWITCHING 
TRANSISTOR 
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standard for current slew rate. The turn- 
off characteristics for soft and abrupt 
recoveries are shown in b and ce, re- 
spectively. 


Fig B—A buck regulator circuit (a) illustrates the losses attributable to a rectifier’s 
reverse-recovery time. The shaded areas in b represent the rectifier’s recovery time; you 
can see that a large part of the loss occurs in the recovery-time interval immediately 
following the diode’s negative-current peak. 
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large portion of the losses occurs 
in the tg portion of the recovery 
time; that is, after the recovery 
characteristic passes the peak 
negative current [pmrec. 

Paradoxically, because of the 
losses produced by the diode’s 
recovery time, the use of ex- 
tremely fast switching transis- 
tors doesn’t necessarily result in 
reduced switching losses. Unless 
you use a diode whose recovery 
time is two to three times short- 
er than the transistor’s current 
rise time, the use of a faster _ 
transistor will increase the di- 
ode’s peak recovery current and 
thus increase overall switching 
losses. 


Schottkys vs pn diodes 


A popular belief, but one 
that’s only partly true, is that a 
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Schottky diode has no reverse 
recovery time. It’s true that the 


-Schottky’s majority-carrier 


mechanism eliminates the re- 
verse-recovery characteristic 
that a pn device’s minority-carri- 
er storage causes. However, be- 
cause of the large junction ca- 
pacitance (about five times that 
of a junction diode), a Schottky 
device can exhibit a reverse re- 
covery time equivalent to that of 
a fast pn-junction rectifier. 

To get a feel for a Schottky 
diode’s turn-off effects, consider 
Fig Ca, which depicts an output 
circuit for a typical switching 
regulator. Because of the inter- 
action of the transformer’s leak- 
age inductance and the diode’s 
junction capacitance, the reverse 
recovery of the diode assumes a 
“ringing” aspect, shown in Fig 


10 
0 


10 
VOLTAGE 

—20 

—30 


(d) , 


400 800 


Cb. The resonance can, in fact, 


result in a large enough nega- 
tive-voltage overshoot to destroy 
the diode. | 

The overshoot explains the 
presence of the RC snubber net- 
works you see connected across 
the diodes. Without the snub- 
bers, the diode’s voltage wave- 
form resembles the one in Fig 
Ce; the addition of the snubbers 
produces the more tranquil volt- 
age waveform seen in Fig Cd. 


The material and drawings in 
this box are adapted from Uni- 
trode Corp’s Applications Hand- 


book 1985-86, a power-conver- 


sion design guide that gives 
detailed design rules and equa- 
tions for power supplies of virtu- 
ally every existing topology. 


tra + 


1200 





TIME (nSEC) 


Fig C—A Schottky rectifier’s large junction capacitance can cause trouble in a switching regulator like the one in a. Circuit 
inductance, in conjunction with the diode’s capacitance, produces a ringing characteristic (b). Unless you use a snubber, the rectifier’s 
voltage waveform also rings wildly (c); the snubber eliminates the ringing, which is dangerous to the diode (d). 
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This specialized rectifier from RCA fulfills two roles—that of a 
normal rectifying diode, and that of a precisely controlled zener 
diode. Called the load-dump rectifier, it’s eminently suitable in 
automotive applications, in which it’s necessary to clamp large, 
inductively produced reverse voltages. 
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Suitable for full-wave rectification, Motorola’s MBR120XX Series 
dual, center-tapped Schottky rectifiers come in 60 and 100A versions. 
The XX in the part number designates voltage rating from 35 to 
60V. 





Designed for 3-phase rectification, the Six/Pac Series high-power 
rectifiers from Westinghouse can control currents as high as 100. The 
modules offer voltage ratings as high as 1600V, and they can 
withstand surge currents as high as 1000A. 
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Motorola Semiconductor Products is also increasing 
voltage ratings for its Schottky devices. For example, 
six recently announced diodes from the company offer 
reverse-voltage ratings from 20 to 60V. The 60V units 
are suitable for 12V power-supply applications. Motoro- 
la uses a platinum and nickel construction that allows 
the plastic, axial-leaded rectifiers to spec 3A over —65 
to +150°C. Forward-voltage drop for the 20, 30, and 
40V MBR320/330/840 is 0.5V at 1A; for the 50 and 60V 
MBR350/360, it’s 0.6V. Prices for the series range from 
$0.95 to $1.75 (100). 

Also targeting 12V power-supply applications, Moto- 
rola’s MBR1060 is a 10A Schottky device with 60V 
reverse-blocking capability. The rectifier comes in the 
TO-220 plastic package. Forward drop for the $1.67 
(100) MBR1061 is typically 0.6V at 10A and 100°C 
junction temperature. Among the company’s high-cur- 
rent Schottky rectifiers are four new dual rectifiers 
that extend their family’s previous 40V reverse-voltage 
limit to 50 and 60V. The units are dual, center-tapped 
assemblies intended for full-wave rectification. Pack- 
aged in the company’s PowerTap module, the devices 
are available in 60 and 100A versions. The 50V, 60A 
MBR12050CT and the 60V, 60A MBR12060CT cost 
$21.25 and $23.50 (100), respectively; the 50V, 60A 
MBR20050CT and the 60V, 100A MBR20060CT cost 
$29.40 and $34.40 (100). 

Semikron offers a line of Schottky-rectifier modules 
that cover the range of currents from 160 to 300A. 
Packaged in the firm’s Semipack modules, the devices 
are available in isolated and nonisolated versions. The 
isolated SKMD-S160, for example, is rated at 160A, 
60V; Model SKMD-S200 is a nonisolated assembly 
rated at 200A, 60V. The manufacturer also supplies 
special versions rated at currents as high as 300A. Both 
devices spec a surge-current rating of 2100A; maximum 
forward drop is 0.8V at 200A. The modules provide 
top-side screw terminations. The nonisolated units use 
the base plate as the common-cathode connection. 
Prices start at $20 (100). 

As attractive as Schottky diodes’ low forward-volt- 
age drop may be, the laws of physics restrict their use 
to low-voltage applications. For systems requiring di- 
odes with reverse-blocking capabilities greater than 
100V, you must resort to pn-junction devices. Although 
these diodes don’t use radically new technology, manu- 
facturers are continually improving the diodes’ electri- 
cal parameters, ratings ranges, and thermal-transfer 
efficiency. 

One example of such improvements is Motorola’s 
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addition of 700, 800, 900, and 1000V units to its MUR 
Series, which was previously limited to 600V. The 
diodes spec 75-nsec recovery time and operate at junc- 
tion temperatures as high as 175°C. Available in 1A 
(MUR170/180/190/1100), 4A (MUR470/480/490/4100), 
and 8A (MUR870/880/890/8100) versions, the devices 
come in three different packages. The 1A and 4A units 
are housed in the firm’s 59-04 and 267-01 axial-leaded 
plastic packages, respectively; the 8A rectifier is pack- 
aged in the TO-220 plastic case. Prices range from $1 to 
$2.93 (100). 

According to Microsemi Corp, its Series 60S and 30S 
rectifiers are 30% smaller than competitors’ equivalent 
devices. The rectifiers come in two axial-leaded, plastic 
case sizes. The firm purchased the line from Interna- 
tional Rectifier in 1984 to complement its line of zener 
diodes and rectifiers. The 60S and 30S units are 6 and 
3A rectifiers, respectively, and they’re available with 
peak reverse-voltage ratings from 50 to 1000V. The 6A 
device is capable of withstanding 400A surge current; 
the 3A unit, 150A surge. 

A series of axial, diffused-junction rectifiers from 
diode manufacturer RSM Sensitron Semiconductor of- 
fers a choice of 70- or 100-nsec recovery time. The 
70-nsec series comprises the 832087, S330S7, and 
S340S87, whose peak inverse-voltage ratings are 200, 
300, and 400V, respectively. Models S320S10, 8340810, 
and §360S10 withstand reverse voltages of 200, 400, 
and 600V, respectively, and spec 100-nsec recovery 
time. The rectifiers are rated at 3A at 55°C and 2A at 
100°C. Forward-voltage drop at 3A is 1.25V for the 
70-nsec units, 1.5V for the 100-nsec devices. 


Power assemblies 


Manufacturers of high-power rectifiers are also seek- 
ing ways to pack more function into a given volume. 
Several recent offerings represent improvements in 
volumetric efficiency. Volumetric efficiency, in this 
case, means thermal efficiency—it’s important both for 
a rectifier assembly to be able to handle a great deal of 
power in a given package and for a package to conduct 
heat away from the rectifiers efficiently. 

A family of isolated, 3-phase (six diodes) rectifier 
modules from Westinghouse Electric Corp allows de- 
signers to shrink the size and cost of inverters common- 
ly used in uninterruptible power supplies, ac-motor 
speed controllers, and servo systems. The Six/Pac 
modules come in 12 rating combinations—four current 
ratings (30, 50, 75, and 100A) and three voltage ratings 
(600, 1200, and 1600V). The modules withstand large 
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The recovery-time characteristics of pn-junc- 
tion and Schottky rectifiers differ; you must 
use different design techniques in corcutts 
Using these rectifier types. 





Available in a wide variety of packages from miniature to large, 
Schottky rectifiers from International Rectifier satisfy a wide range 
of system needs. From left to right, the two top devices are a molded 
Schottky module and a low-profile power Schottky assembly. In the 
second row, the packages are an axial type, a TO-220, a TO-3P 
(TO-247), a DO-5, and a DO-4. The two bottom devices are a 
surface-mount Schottky diode and a TO-3 unit. 





Profiting from the TO-218’s impressive thermal properties, these 
dual Schottky rectifiers from Amperex control 30A per device and 
spec reverse voltages of 30 to 45V. The 1-chip construction 
allows you to connect the two diodes in parallel without spec 
derating. 
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Signal diodes, rectifier diodes, and zener diodes come in these 
cylindrical, surface-mountable packages from Rohm Corp. The 
signal and rectifier diodes meet all specs of the ubiquitous 1N4148 
and 1N4001 families. 





A series of cylindrical, glass-passivated rectifiers from General 
Instrument offers current ratings of 1 and 3A and specs reverse 
voltages as high as 1000V. The units are available with recovery-time 
specs from 50 to 500 nsec. 


overcurrents—for example, units rated at 100A have a 
surge-current capability of 1000A. The price for a 75A, 
600V module is $46 (10). 

Another example of improved ratings is Westing- 
house’s Pow-R-Blok modules, whose previous 40/60/90A 
ratings have been raised to 180 and 160A. The single- 
and dual-device modules spec 2500V isolation. For 
applications requiring hermeticity, the company can 
incorporate ceramic-encased rectifiers in the modules. 
The firm claims that its compression-bonded encapsula- 
tion technique imparts optimum heat-transfer and 
temperature-cycling characteristics to the modules. 

Rectifier and thyristor manufacturer Semikron offers 
an isolated, 2-diode module that has a surge-current 
rating 25% higher—for the assembly’s package size— 
than is available elsewhere, the firm claims. This 160A 
module, Semipack 2, fills the gap between the manufac- 
turer’s Semipack 1 and 3 modules, which are rated at 90 
and 250A, respectively. Offering screw-terminal con- 
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nections on its top side, the unit has the same mount- 
ing-hole pattern (80 mm center-to-center) as the Semi- 
pack 1 and 3 devices. The module can withstand 5100A 
surge current. It specs 2500V isolation voltage and is 
available with reverse-voltage ratings as high as 
1800V. A 180A, 1200V assembly with a 1000V/ysec 
dV/dt rating costs $85 (200). 

A series of modules called Magn-A-Pak from Interna- 
tional Rectifier also offers high-current ratings in a 
package that has a small footprint. The isolated-base 
module measures 3.62 1.97 X2.05 in. and comes in 1- or 
2-diode configurations. Other available configurations 
include a double thryristor and a thyristor/diode pair. 
The diodes, which offer current ratings as high as 260A, 
withstand surge currents as high as 8500A and current 
slew rates to 800A/usec. All modules undergo isolation 
testing to 2500V rms. A single-diode Magn-A-Pak 
module rated at 200A and 800V costs $256.50 (50). 

A convenient configuration for full-wave rectification 
is the single-phase bridge (Fig la), which contains four 
diodes connected in series. Note that the configuration 
also can help protect battery-powered circuits: You can 
connect a battery in either polarity to the bridge’s ac 
terminals, and the bridge’s positive and negative termi- 
nals will always apply the correct polarity to the load. 

Several manufacturers are making strides in the 
ratings and volumetric efficiency of these assemblies. 
Consider, for example, the Slimline Series of bridges 
from RSM Sensitron. These bridges come in low-profile 
cases that present low thermal impedance to the inter- 
nal rectifiers. The SL6300, SL1500, and SL30300 
bridges are available with reverse-voltage ratings of 
1000V in the general-purpose (5-ysec recovery) version 
and 600V in the fast-recovery (150 nsec) version. The 
SL1500 and SL30300 also come in a 150V, 30-nsec 
version. The SL1500 is a single-phase, 15A assembly 
that has 2°C/W thermal impedance and 0.31-in. case 
height. A 3-phase (Fig 1b) version with 0.25-in. case 
height, the SL6300, also specs 2°C/W thermal imped- 
ance. The 380A SL30300, another 3-phase assembly, 
specs 1.25°C/W thermal impedance and comes in a case 
that’s 0.31-in. high. Prices for 200V, general-purpose 
versions range from $20 to $44 (100). 

Two more bridges complete the spate of recent 
offerings from RSM Sensitron. For military applica- 
tions, both are available with internal JAN, JANTX, or 
JANTXV hermetically sealed diodes. The 3-phase 
$35A300 offers higher power ratings than do standard, 
similarly packaged MIL-standard M19500/483 bridges. 
The series is rated at 835A continuous and 250A surge— 
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ratings that are 10 and 100A higher, respectively, than 
those for standard M19500/483 bridges. Peak inverse- 
voltage ratings for general-purpose (5 psec), fast- 
recovery (150 nsec), and ultrafast (30 nsec) versions are 
1000, 600, and 150V. A 200V, general-purpose unit 
costs $60 (100). General Instrument also offers MIL 
bridges; its recently introduced M19500/469 assembly is 
rated at 10A. The company offers 200, 400, 600, and 
800V versions for $14.28 (100). 

Another bridge offering improved volumetric effi- 
ciency (as compared with other currently available 
bridges) is the single-phase S80A05HE Series from 
RSM Sensitron. The device is also available with inter- 
nal MIL-standard diodes. The manufacturer claims that 
the bridge delivers 65% more output power than other 
available units while exacting a size penalty of only %* 
in. in additional length and width. Rated at 33A output 
current at a 55°C case temperature, the assemblies 
come in ultrafast, fast, and general-purpose versions 
having voltage ratings of 150, 600, and 1000V, respec- 
tively. An ultrafast (80-nsec recovery) unit rated at 50V 
costs $72 (100). 7 

Electronic Devices Inc offers two ultrafast (50 nsec) 
assemblies priced at $2.25 (100). The BRUS-2 Series 
has wire leads and is rated at 10A; the BRUS-2F offers 
quick-connect terminals and a 12A rating. Both bridges 
are available with voltage ratings from 50 to 600V, and 
both withstand 125A surge current. The assemblies 
come in a 0.3-in.-high case measuring 0.89 in. in 
diameter; the case presents a typical 0jc of 5.1 °C/W for 
the wire-lead version and 4.3°C/W for the quick-connect 
type. 

One example of advances in volumetric efficiency 
(and, thus, in thermal efficiency) is a series of high- 
power bridge rectifiers from Semikron. These isolated 


bridges have a 1.9X2.5-in. footprint and offer ratings of — 


from 40 to 100A at inverse voltages ranging to 1600V. 
Their case has a 2500V isolation-voltage rating. Avail- 
able in single- and 3-phase versions, the assemblies 
‘meet UL requirements for creep and strike distances 
for line voltages as high as 600V. Prices start at $22.60 
(1000). 

The trend toward surface mounting and the need to 
pack more power into a given volume are giving rise to 


the development of new packages for diodes and rectifi- 


ers. Diode manufacturers have responded to these 
industry demands for denser packaging by introducing 
several families of devices that offer a high power/ 
volume ratio. 

Generally speaking, surface-mount packages fall into 
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Schottky rectifiers’ increased voltage ratings 

permit the design of efficient 12V power 
supplies and allow for wider safety margins 

in designs. 








Fig 1—Building better bridges is the preoccupation of several 
semiconductor manufacturers. Such assemblies are available in 
single-phase (a) and 3-phase (b) configurations. 





A new series of cylindrical, surface-mountable rectifiers, the 
MELF Series from Unitrode Corp, will accommodate both pn- 
junction and Schottky versions. All diodes are hermetically sealed 
and use internal metallurgical bonds. 





A thermally efficient, surface-mountable package, the PCLCC 
from Unitrode Corp, will house the company’s complete line of 
pn-junction and Schottky rectifiers, as well as bipolar and power- 
MOS transistors. 


135 


Se cn rr ssn 





Thermally efficient packaging helps pn- 
junction rectifiers to tolerate the losses at- 
tributable to thei high forward voltages. 


three categories: cylindrical, pellet-type devices; SO 
(small-outline) plastic units; and traditional TO-220, 
TO-218, arid TO-247 cases with leads cut and formed for 
surface mounting. In the first category, a wide range of 
cylindrical, glass-passivated devices comes from Gener- 
al Instrument. The rectifiers offer voltage ratings from 
50 to 1000V and current ratings of 1 and 3A. Recovery- 
time specs range from 50 to 500 nsec. Another source of 
cylindrical, surface-mount diodes and rectifiers is Rohm 
Corp, which recently announced a series of industry- 
standard types, including the ubiquitous 1N4148 signal 
diode, the 1N4001/4002/4008 family, and a series of 
zener diodes. The signal, rectifier, and zener diodes 
cost $0.045, $0.07, and $0.06 (10,000), respectively. 
SO-type plastic devices are exemplified by recent 
offerings from International Rectifier and Varo Semi- 
conductor. Housed in a SOT-89 package, the 10JQ 
Series from IR is a family of single, 1A Schottky 
rectifiers that have voltage ratings from 30 to 100V. 
Maximum forward voltage at 25°C is 0.56V for the 30V 
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units and 0.86V for units rated at 100V. Junction 
capacitance for the 30 and 100V devices is 60 and 35 pF, 
respectively. Varo also offers SO-type diodes and recti- 
fiers; the units have ratings ranging from 20 to 600V 
and 1 to 20A. Both single and center-tapped dual 
rectifiers are available. 

Unitrode Corp will soon announce a broad series of 
ultrafast (35- and 50-nsec) and Schottky rectifiers in the 
thermally efficient TO-247 package. The TO-247 is 
similar to the TO-218 except that it has an all-plastic 


ease with a screw hole; the TO-218 has a metal heat- 


sink tab. Unitrode’s ultrafast rectifiers (available as 
singles and center-tapped duals) offer current ratings of 
16, 30, and 45A and voltage ratings from 50 to 400V. 
The Schottky devices cover the same current ranges 
and spec voltage ratings from 20 to 45V. 

An example of rectifiers in the TO-218 package is the 
BY V73 Series, a family of dual Schottky devices rated 
at 30A (both diodes conducting) from Amperex, a 
Philips company. The rectifiers, which are available 
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DURING LOAD DUMP 
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START OF 
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Fig 2—To suppress inductively induced voltage spikes in an automotive alternator system, a load-dump rectifier from RCA provides a 
precisely controlled 30V clamping level. The devices serve two roles: normal rectification and transient suppression. 
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Housed in the TO-220 package, the MBR1060 Schottky rectifier from 
Motorola specs 60V reverse-blocking capability. The 60V rating 
makes the units suitable for application in 12V power supplies. 


with voltage ratings of 30, 35, 40, and 45V, each use a 
single monolithic chip which, the manufacturer claims, 
ensures near-perfect matching of the two internal di- 
odes. This matching allows you to use the two rectifiers 
in parallel without incurring any derating. Forward- 
voltage drop is specified at 0.6V max at 15A, 100°C and 
0.87V max at 30A, 25°C junction temperature. Prices 
for the units range from $3.18 to $3.75 (100). 

You can expect a Series of innovative, surface-mount 
rectifiers soon from Unitrode Corp. The MELF Series 
comprises a family of cylindrical, hermetically 
sealed units. The series, which will include the firm’s 
full line of pn-junction and Schottky diodes, will come in 


three sizes: 150 mils in length, 66 mils in diameter; 175 


mils in length, 100 mils in diameter; and 210 mils in 
length, 160 mils in diameter. Each unit will incorporate 
a metallized bond to the internal chips. 

The PCLCC (power ceramic leadless chip carrier) 
from Unitrode is a hermetic packaging development 
that serves military and other high-reliability 
applications. The devices come in two package sizes: 
300 and 450 mils square. The smaller size serves 
applications requiring ratings as high as 10A, 200V; the 
larger has ratings to 25A, 500V. The larger package’s 
thermal resistance ranges from 0.9 to 2.2°C/W, depend- 
ing on die size. The company plans to offer its line of 
pn-junction and Schottky rectifiers, as well as bipolar 
and power-MOS transistors, in the PCLCC. You can 
also expect to see some center-tapped dual diodes and 
quads (either separate or in bridge configuration). 

Finally, consider the simplest package of all—none. 
Solitron Devices Inc offers a series of rectifiers in 
bare-chip form; the devices have aluminum metalliza- 
tion on top and chromium-silver (for solder mounting) 
on the bottom. The rectifiers come in ratings from 50 to 
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New packaging technology increases rectift- 
ers’ thermal efficiency and makes the devices 
easier to mount in power-control and -con- 
version circuitry. 





500V and withstand surge currents from 30 to 700A. 

Just as certain systems call for application-specific 
ICs, so certain applications demand special rectifying 
devices. Two examples of such devices are a power- 
surge suppressor that RCA will soon announce and the 
BiSyn synchronous rectifier from Unitrode Corp. The 
first device, which RCA also calls a “load-dump” rectifi- 
er, is a controlled-avalanche rectifier that offers pre- 
cisely controlled reverse-avalanche characteristics. 

Intended for use as the output rectifiers in the 
3-phase, 6-diode bridge assembly of an automotive 
alternator (Fig 2), the load-dump rectifier breaks down 
at a voltage between 24 and 32V. The diodes assume a 
dual role in this application: They serve as normal 
forward-clamping rectifiers, and they act as transient 
suppressors that prevent an automobile’s inductive 
spikes and field-decay transients from damaging elec- 
tronic circuitry. The firm plans to offer the load-dump 
rectifiers in TO-220 and -218 plastic cases, as well as in 
chip form. Current ratings for the rectifiers will be as 
high as 100A (average forward current). 

The second device, Unitrode’s UBS430 BiSyn syn- 
chronous rectifier (Ref 1), answers the need for low 
forward drop in low-voltage power supplies (such as the 
imminent 3.3V-standard supplies). The rectifier is an 
npn bipolar transistor that specs equal forward and 
reverse voltage ratings. The firm specifies the 
UBS480’s forward-voltage drop in terms of on-resist- 
ance. For example, at 30A forward current, the on- 
resistance is 10 mY max. This value yields 0.3V for- 
ward voltage—a voltage far lower than that attainable 
with any conventional rectifier. 

At lower currents, the synchronous rectifier’s for- 
ward-voltage drop is even lower. At 10A, for example, — 
the drop is only 0.1V, an impressive spec that ordinary 
rectifiers can’t match. The sychronous rectifier can, 
therefore, contribute to significant yield improvements 
in low-voltage supplies. For example, the power loss 
attributed to a Schottky rectifier in a circuit using a 3V 
load is about 20%. The BiSyn reduces this loss to less 
than 10%. Housed in a TO-204AE (similar to TO-3) 
metal case, the 40A, 50V device costs $10 (100). EDN 
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The analyzer that’s right at home 
with components | 
also does well on the circuit. 





The HP 4194A Analyzer is the intelligent answer for 
impedance as well as transmission measurements. With power- 
ful analysis capabilities built right in, and a color CRT for 
brilliant graphic display of results, it’s the perfect tool for 
boosting engineering and test productivity. 


Fast, accurate measurement of components. 
With a frequency range of 100 Hz to 40 MHz (impedance), 
basic accuracy of 0.17%, and sweep speed of 4.5 ms per 
point, the HP 4194<A lets you quickly and accurately evaluate 
L,C,R, filters and resonators, as well as materials and semi- 
conductor components. 


Useful on the circuit, too. 

The HP 4194A is equally useful for measurement of ampli- 
tude, phase, and group delay to 100 MHz. So you can use 
it with amplifiers (audio and video), telecom transmission 
and oscillator circuits, as well as hybrid and modem ICs. 


Color...functional as well as beautiful. 


The color CRT lets you discriminate among measure- 
ments—and put related displays and data together — more 
quickly and easily. You can even display two color measure- 
ments simultaneously. 


DESIGNED FOR HP-IB: Not just IEEE-488. but the 
: q':> hardware, documentation and 
Support that delivers the shortest 
Se SYSTEMS _ path to a measurement system. 
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Equivalent circuit modeling...and more. 

You can use any of five circuit models in evaluating com- 
ponents with the Equivalent Circuit Function. You can 
create and automate your own measurements without an 
external controller, using the Auto Sequence Program. 
Measure devices under actual operating conditions. Speed 
inspection of resonators, filters, and other devices with the 
GO/NO-GO capability. And, in a complete system, even run 
the HP 4194A by computer through HP-IB. 


Call us today! 


Start reducing device and circuit evaluation time today. 
The HP 4194A makes it easy for under $20,000* For more 
information, call your local HP sales office. It’s listed in the 
white pages of your telephone directory. Just ask for the 
electronic instruments department. 


HEWLETT 
PACKARD 


*U.S. list price. 
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strumentation amp 


addresses power-miser 
circuit applications 





For many applications, designers are now 
demanding greater IC performance at 
lower supply-voltage and -current levels. 
One monolithic instrumentation amplifier 
can help satisfy these needs. It’s an easy-to- 
use, self-contained precision gain block that 
can address isolation and other problems. 


Justin McEldowney, Burr-Brown Corp 


Designers can take advantage of the high performance 
available in the INA102 monolithic instrumentation 
amplifier to handle a host of applications where low 
power consumption is critical. Typical examples of such 
applications include remote monitoring stations pow- 
ered by batteries or solar cells, mobile battery-powered 
circuits, medical instrumentation, remote transducer 
amplifiers, pulsed control systems, and data-acquisition 
systems. 


Solving isolation problems 

Fig 1 shows several designs that exploit the 
INA102’s low current requirements to achieve high- 
performance isolated data acquisition. Fig la shows a 
generic data-acquisition circuit in which the INA102 
interfaces directly with a 3656 module, a unit that 
combines an isolation amplifier with an isolated switch- 
mode power supply. The transformer-coupled 3656 fea- 
tures a continuous isolation-voltage rating of 3500V dec. 
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Fig 1—You can achieve high-performance isolated signal acquisi- 
tion by exploiting the INA102’s low current requirements. You can 
interface the INA102 directly to an isolation amp (a) or an 8-channel 
CMOS multiplexer (b). Another circuit (c) provides an easy tech- 
nique for analog-to-digital conversion. 
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A variety of designs can exploit the 
INA102’s low-current requirements to 
achieve high performance in isolated data- 
acquisition circutts. 


In Fig 1b’s circuit, a separate minisupply drives an 
8-channel system. Power requirements for the circuit’s 
CMOS multiplexer are minimal, and the OPA21 op amp 
draws less than 300 wA. The ISO100 isolation amplifier 
requires only 75 mW, so total power drain on the 
isolated power supply is only 325 mW. The PWR105 
de/de converter operates with a 5V input and delivers 
+15V at 15 mA per channel. The ISO100 employs 
optical coupling. Its peak continuous isolation-voltage 
rating is only 750V, so it’s not as expensive as the 3656. 

The circuit shown in Fig lc satisfies applications 
specifically involving digital signals. The desired chan- 
nel signal feeds a voltage-to-frequency converter. The 
V/F converter’s output signal is a series of pulses, each 
of which has a period that’s proportional to the input 
signal. Typically, these pulses are fed to a gated 
counter to retrieve the original input value. 


0.01 
SENSE RESISTOR 


ISYSTEM | 


36 BRUSHLESS 
MOTOR DRIVE 





Although Fig 1c’s circuit employs a PWR105 isolated 
power supply, the output power is a function of the V/F 
converter you use. If you elect to use the system clock 
to drive the V/F converter, you can use a VFC100. In 
this case, you'll need an additional digital optical cou- 
pler to drive the VFC100’s clock input. If synchroniza- 
tion isn’t a major concern, you can use a converter like 
the VFC32. In either case, the full-scale frequency 
(dynamic range) is epee on the speed of the 
optocouplers. 

If high performance isn’t a prime design parameter, 
you can develop an inexpensive but effective isolation 
amplifier by modulating the current in an optocoupler 
(Fig 2). In this case, the INA102 operates as a high- 
side current monitor; it’s powered by a miniature 
switch-mode power supply, and it floats on the nigh 
voltage input of a motor-drive circuit. 


e 
INPUT VOLTAGE 


SWITCH-MODE 
POWER SUPPLY 





Fig 2—If high performance isn’t a prime design parameter, you can develop an inexpensive but effective isolation amplifier by modulating 


the current in an optocoupler. 





142 


EDN January 28, 1986 


! 


The high-side current-monitoring concept is impor- 
tant in this design. A sense resistor in the return path 
(employed in low-side monitoring) would not detect a 
short from the motor windings to the motor housing, 
which is usually grounded. If your design employs a 
0.010 sense resistor, you can read the monitored cur- 
rent directly as the output voltage of the instrumenta- 
tion amp if the amp’s gain is set for 100. 

Although the scheme presented in Fig 2 is quite 
simple, its precision is not very high. Most optocouplers 
have a linearity error of about 2%. In addition, the 
output signal will have an inherent midscale offset that 
isn’t well defined unless you do some trimming. This 
offset does offer one advantage, however: It allows you 
to monitor the negative current pumped back into the 
power supply by the motor. — 

No discussion of isolation techniques would be com- 
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plete without a description of a medical-instrumenta- 
tion application. Fig 3 illustrates a battery-powered, 
multichannel EEG system that’s clocked by low-power 
CMOS circuits. These circuits continuously sweep 
through the channels. The first channel (pin 4) has a 
10-kHz square-wave input that identifies channels. This 
example illustrates a typical application challenge: the 
measurement of small signals (about 100 pV p-p) from 
high-impedance sources with as much as 1V p-p of a 
60-Hz common-mode signal. Using 15 INA102s, this 
circuit will draw only 12 mA, including a 1-mA current 
draw for the CMOS circuitry. 


Save power in process monitoring 


Many control schemes don’t require continuous moni- 
toring of the process. Samples taken at a regular 


interval (once per second, per minute, etc) suffice. You 
Text continues on pg 146 
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Fig 3—In this battery-powered EEG system, low-power CMOS circuits provide the clock function and also continuously sweep through the 


channels. The circuit employs 15 INA102s and draws only 12 mA. 
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Choosing an instrumentation amplifier 


The best way to do a worst-case 
amplifier comparison is to ana- 
lyze all possible error sources. 
To do so, however, you must be 
sure that the data sheets you’re 
relying on use consistent units. 
The most popular error-spec 
units are parts per million (ppm) 
per full-scale input and percent 
of full scale (%FS). 

Most of the data-sheet specs 
are referred to the input. If 
they’re listed in terms of the 
output, you can refer the figure 
to the input by dividing by the 
gain of the amplifier. 


Three types of error sources 


You can divide error sources 
into three categories: gain er- 
rors, offset and rejection errors, 
and noise errors. The total noise 
and nonlinearity of the amplifier 
will determine the overall signal 
resolution. Offset and gain-error 
drifts with temperature will 
mostly limit the reading accura- 
cy. You can often design around 
certain error sources (common- 
mode errors and power-supply 
ripple, for example), and you can 
null (or at least account for) 
most voltage offsets. Fig A mod- 
els the various error sources for 
an instrumentation amplifier. 

The input voltage source (Vp) 
is the signal you would like to 
amplify accurately. Unfortunate- 
ly, the gain equation includes 
some error components—dc-gain 
error, gain drift, and gain non- 
linearity. Spec sheets usually list 
de-gain error in percentage 
units. However, you must take 
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care to determine gain at the 
frequency of interest, because 
gain rolls off after the amplifier’s 
cutoff frequency. 

Gain drift is usually listed in 
ppm/°C, so you have to multiply 
the figure by the expected oper- 
ating temperature range to de- 
termine the gain drift referred 
to the input. Gain nonlinearity is 
also usually given in ppm/°C, 
and you simply add this error 
source to the other figures. 


Always some residual Vcy 


Vp is usually riding on some 
type of common-mode voltage 
(Vcm). Instrumentation amplifi- 
ers are designed expressly to re- 
ject this common-mode signal, 
but it will always generate a 
small output. 

Error source Vr combines the 
effects of the common-mode and 
power-supply rejection ratios 
(CMRR and PSRR; both are 
much smaller than unity). Most 
monolithic circuits have excellent 
power-supply rejection, and you 
can often ignore this source of 
error. It can be significant in 
cases where the supply is not 
well regulated, however. The 
common-mode rejection ratio is a 
function of frequency, and you'll 
have to check the amplifier data 
sheet to determine the correct 
value to use in any analysis. 
Characteristic PSRR curves are 
usually similar to the CMRR 
curves. 

There are actually two parts 
that compose the offset voltage 
(Vos)—input offset and output 





offset. For reference to the 
input, Vos is easily grouped and 
modeled as a single voltage 
source in series with one of the 
inputs. Vos has both initial and 
temperature-dependent parts. 


Check change in temperature 


Input bias currents induce 
other offset voltages, but they 
are often negligible. The input 
offset current is simply the dif- 
ference between the two input 
bias currents. Rs represents the 
Thevenin resistances seen from 
each input terminal, and ARs 
signifies the difference between 
input source impedances. 
Though several factors contrib- 
ute to worst-case offset voltage 
that can be traced to bias cur- 
rents, the change in operating 
temperature is the only signifi- 
cant error source. 

Thermoelectric effects at the 
pins of the amplifier package can 
create other offset errors. These 
offsets are most severe when 
there is a temperature gradient 
across the package. 


One more error source 


Noise is the final amplifier 
error source. Other than 60-Hz 
ground loops, the major sources 
of noise are shot noise, popcorn 
(or burst) noise, flicker (or 1/f) 
noise, and thermal noise. Manu- 
facturers’ data sheets usually 
combine these noise sources into 
three categories: 1/f noise, noise 
floor (white noise), and current 
noise. 

Current noise is generally 
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negligible for bipolar inputs, and 
you need only multiply the 
square root of the system band- 
width by the value of the floor- 
noise density (listed on the data 
sheet) for the desired gain. You 
can often use a crest factor of 
6.6 to convert the rms value to a 
0.1%-probability peak-to-peak - 
value that you can expect to see 
in any given application. Divid- 
ing the 1/f noise by this crest 
factor will allow you to convert 
back to an rms value. 

To determine the maximum 
achievable resolution, you'll need 
to know the noise floor, the sys- 
tem’s bandwidth set by the am- 
plifier or filtering, and the 1/f 


noise (usually given for 1 to 10 
Hz). Note that the equation for 
noise voltage assumes that the 
two noise components are uncor- 
related, and that it combines 
them by taking the square root 
of the sum of their squares. For 
example, using the INA102 with 
gain set for 100 and a 1-kHz 
bandwidth, the input-noise 
graph on the data sheet shows a 
1/f noise figure of 65 nV/V Hz at 
1 kHz. In the 1/f range of 1 to 30 
Hz, the flicker noise is 370 nV 
rms (see Fig A, Eq 6). You'll 
also need the white-noise value: 
30 nV/VHz x V(000 — 30), 
which equals 934 nV. These fig- 
ures combine to give 1-wV rms 


1. Va = Vp [GAIN + GAIN ERROR + (GAIN DRIFT x TEMPERATURE CHANGE) + GAIN NONLINEARITY] 


AVsuppty 
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noise referred to the input. With 
a gain of 100, you can expect to 
see 100 pV rms at the output. 
Using a crest factor of 6.6, you'll 
observe 660 pV p-p on an oscil- 
loscope. With the 20V full-scale 
output, 660 wV translates into 
33 ppm. 

The noise-analysis calculation 
method outlined above is not a 
rigorous approach; it makes full 
use of typical amplifier charac- 
teristics and provides only ap- 
proximate results. However, the 
method does provide a basis for 
quickly comparing instrumenta- 
tion amplifiers from different 
manufacturers. 


Vo 





A los 
AT 





~Rs AT 


5. Va= \| ( VWaw? VBANDWIDTH )) + (Vie (p — p) + 6.6)" 


WHERE Vin = Vwi /fo In (‘corm 
fain 





6. Vo = Va + Va + Vos + Ve + Vn 


Fig A—You can best compare instrumentation amplifier performance by analyzing all possible error sources. Note that gain and 
drift errors are referred to the input. Vnw is the white-noise magnitude in the white-noise region; the 6.6 divisor in Eq 5 is a crest factor 
that converts a 0.1%-probable peak value to rms. 
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Tf your tsolation design doesn’t require very 
high performance, you can build a suitable 
isolation amp by modulating the current in 
an optocoupler. 





can realize significant power savings by designing a 
circuit that pulses on for a brief time and then powers 
down until it’s time to take the next sample. 

The INA102 is well suited to this type of application. 
Because of the amplifier’s low power requirements, the 
amount of warm-up heating is very small, and the 
warm-up time and drift therefore don’t compromise 
performance each time the circuit turns on. Assuming a 
70°C/W thermal resistance for a side-brazed ceramic 
package, the INA102 heats itself less than 2°C, which 
translates to a worst-case offset warm-up drift of 14 
w.V. Warm-up time is well under 1 msec. The overall 
time to acquire a reading after the power comes on will 
depend both on the time constant of the output filter 
used to set the system bandwidth and on the settling 
time of the INA102. 

Fig 4 shows an example of this type of application. 
The example could be a handheld instrument with a 
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Fig 4—To provide significant power savings in process-monitoring 
measurement. 
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simple momentary switch to trigger a reading. The two 
one-shots fire when the switch closes. The first one- 
shot turns on a pair of CMOS switches; the second 
triggers the A/D converter to take a reading. After a 
reasonable amount of time—determined by the warm- 
up time, the settling time, and the converter’s conver- 
sion time—the first one-shot turns off. The resulting 
measurements might go into a memory or to an LCD. 
Overall time spent in the power-on mode can range 
from 1 to 10 msec. At a rate of one sample per second, 
this circuit can be a real battery saver. 


Place dedicated INA102s before mux 


The INA102 can also be beneficial in multichannel 
data-acquisition systems by allowing you to achieve 
higher throughput rates. Standard data-acquisition 
systems generally use a multiplexer, located before the 
instrumentation amplifier, to monitor several channels. 


D6201 
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SWITCH 
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ONE-SHOT 
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applications, this circuit pulses on only when it’s time to take a sample 
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Full Z80° performance 
guaranteed—from the 
company that invented it. 

If your Z80 applications 
are getting too hot to handle, 
it’s time to turn down the wat- 
tage. What better source for 
a low-power CMOS version of 
your favorite CPU than the com- 
pany that designed it in the 
first place? And, nothing has 
been left out of Zilog’s CMOS 
implementation of the Z80 to 
give you the low power, low 
heat, high noise immunity, tem- 
perature tolerances and eco- 
nomical packaging that make 
CMOS technology so attractive. 


We plan to stay the leader 

in 8-bit—in both design and 
delivery. 3 
The Zilog Z80 family is 
the most widely second-sourced 
chip in history. Amazingly, 
though, there is only one domes- 
tic U.S. supplier committed to 
meeting your 8-bit needs both 
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today and in the future, the first 
source... .Zilog. And, Zilog’s 
implementation of the Z80 is 
powerful enough to give you the 
system performance improve- 
ment you're looking for without 
redesigning your application 

to 16 bits. In fact, ordering your 
Z80 from us can be the ad- 
vantage you need when you 
“just have to have” that reliable 
low-cost 8-bit engine. 


The added value of a 

full family of compatible 
peripherals. 

| There's more. These 
important peripherals are avail- 
able in CMOS, too: Parallel 1/O 
(PIO), Counter Timer (CTC), 
Serial I/O (SIO), Direct Memory 
Access (DMA) and Clock Gen- 
erator Controller (CGC). 


ailog 


EXON Corporation 
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The freedom to specify 
CMOS or NMOS as best suits 
your design. 

And, that's just the 
beginning. Zilog customers will 
soon have the option of speci- 
fying CMOS or NMOS versions 
of every product, 8- or 16-bit, 
that we make. 

Want to know more? It’s 
easy to get all the design and 
ordering information you need. 
Simply mail in the coupon 
or call. Zilog, Components Divi- 
sion, 1315 Dell Avenue, A2-8, 
Campbell, CA 95008; (408) 
370-9992. 


Z80 is a registered trademark of Zilog, Inc. 
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An EEG application illustrates the chal- 
lenge of measuring small signals from high- 
impedance sources with as much as 1V p-p 
of a 60-Hz common-mode signal. 


Such design schemes are used to avoid the high costs of 
using dedicated instrumentation amps on each channel. 
These costs include the expense of the extra power, the 
external components, and the extra system board space 
required to accommodate the dedicated amps. 

You can realize a major increase in performance at a 
reasonable cost by using dedicated INA102s at each 
analog input of a data-acquisition system (Fig 5). This 
configuration gives you several dedicated input chan- 
nels that together require the same power needed to 
operate one of the older instrumentation circuits. All 





necessary gain-setting resistors are built in, and users 
can select the desired gain via jumpers. According to 
this dedicated concept, the signal is amplified earlier in 
the system, creating a better signal-to-noise ratio. 
However, the primary reason for using dedicated input 
amps is to be able to scan the inputs at a faster rate. 
It’s important to understand how it’s possible to 
achieve the improved scan rate. No matter which 
data-acquisition scheme you use, you'll have to reduce 
your bandwidth in order to reduce input noise. If you 
use a band-limiting filter, the settling time for signal 
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The inside story 


The INA102 consists of a differ- 
ence amplifier and a pair of nonin- 
verting amplifiers, which buffer 
the signal at each input (Fig A). 
With all the gain at the input, the 
signal is amplified prior to encoun- 
tering the noise inherent in the dif- 
ference amplifier and the rest of 
the system. 

All the gain-set and difference 
resistors are laser-trimmed to pro- 
vide accurate ratio matching. It is 
this ratio matching that provides 
the high common-mode signal re- 
jection (90 dB min) and gain accu- 
racy (0.05 to 0.5%, depending on 
gain). Having all the resistors 
physically close to each other al- 
lows them to track well with 
changes in temperature, which 
leads to low gain-drift performance 
(+5 to +20 ppm/°C, depending 
on gain). 

Other key specs include a +3.5 
to +18V supply voltage range, 
0.5-mA typ current drain, worst- 
case linearity error (gain=1000) of 
0.05% at 25°C, and an offset volt- 
age of +300+300/G wV, where G 
equals gain. Bias current and off- 
set-voltage drift spec 30 nA max 
and +2+5/G pV/°C, respectively. 
Operating temperature range 
spans —25 to +85°C. 
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The INA102’s gain-setting resis- 
tors are not trimmed to an exact 
value; rather, they are trimmed 
until their ratios with the feedback 
resistors have the correct value. 
Note that the feedback resistor of 
amplifier IC, comes out to a pin 
rather than to the amplifier’s in- 
verting input. This scheme de- 
creases the gain errors by refer- 
ring wire-bond and pin-contact 
resistance to the feedback resistor 
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instead of the lower-valued gain- 
setting resistor. And it doesn’t 
take much stray resistance to cre- 
ate problems. If INA102 gain is 
set at 1000, 0.20 in series with the 
gain-setting resistor will cause a 
0.5% gain error. IC, senses the 
gain-setting resistor without in- 
cluding the error caused by the 
feedback current and the contact- 
resistance combination. _ 


O FILTER 


20k 


O OUTPUT 





20k 
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Fig A—The INA102 consists of a difference amplifier and a pair of eo 
amplifiers, which buffer the age @ at each ale 
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For information on the OP-77, 
gain linearity, and PMI's 
free 1986 data book, circle 
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Who but PMI, the inventor of the industry- 1500 Space Park Drive 
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improved gain linearity. : (408) 727-9222 


The OP-77 is a direct replacement for OP-07 1-800-843-1515 
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Many control schemes do not require con- 
tinuous process monitoring; samples taken 
at regular intervals will suffice. 





acquisition will increase. It takes approximately seven 
time constants for a single-pole filter to settle to 0.1% of 
its final value. For the 100-Hz-bandwidth filters shown 
in Fig 5, this period comes to almost 11 msec. You must 
therefore achieve a higher scan rate through the careful 
choice and placement of other components. 

Typical sample/hold circuits can settle in just a couple 
of microseconds, and most successive-approximation 
A/D converters will also have finished their task of 
digitizing the input signal in a few microseconds, so 
these components add no significant amount of time to 
the sampling process. The critical factor is the place- 
ment of the instrumentation amps with respect to the 
multiplexer. With the more standard approach of using 
the multiplexer in front of the instrumentation amplifi- 
ers, you can expect a throughput rate of only 93 
samples per second; by placing the dedicated INA102s 
in front of the multiplexer and thereby eliminating the 
effect of the instrument amps’ settling time, you can 
approach 30,000 samples per second. 

Your present power supply is probably adequate to 


ANALOG BAND-LIMITING 
INPUTS FILTERS 





from the University of Arizona and is 


power a 64-channel system. With 64 INA102s operating 
from a dual 15V supply, power consumption will be 
about 2W. The INA102 runs cool, so you can increase 
the circuit board’s package density and still not have to 
employ a fan. EDN 
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Fig 5—You can increase the throughput rate of a data-acquisition system by dedicating an INA102 to each analog input channel. In this 


example, rates can approach 30,000 samples per second. 
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have to tackle your isola- 


ioe protien alone Isolation: 
performance for +] 000V Peak 
size or cost. H 

Our new i Continuous 
AD204 solves your =“ inch! 
problems. In fact, it represents a whole el ndwiath: 
new design approach to isolation. With 
performance that does not degrade SkHz 


your signal. A component package size 
that conserves your board space. Supe- 


rior reliability and stability of a trans- Power Consumption: 


former isolated design. At a price you 
can afford. 35 mW 


How about ease of use? Our AD204 
is functionally complete, including an 
isolated power supply, an uncommitted 
op amp for more flexibility, and opti- 
mized pin-out to simplify board layout 
and eliminate the need for guarding. 

The new AD204 from Analog 
Devices. With price/performance like 
this and a channel density of 4 to an 
inch what more could you ask for? How 
about more information! Call your local 
Analog sales office. 


see below 
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You can’t build an isolator 
this good for under $25. 
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Burr-Brown Gives 
You The Op Amp 


Price/Performance Edge. 
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Model 
OPA111 


OPA121 


OPA27/37 


OPA156A/356A 


OPA606 















Performance Features 


1pA max bias current; 1uV/°C max 
drift; 100% tested noise, 8nV/./Hz 
max at 10kHZz. 


SpA max bias current; 110dB min 
open-loop gain; 0.7uV rms typ 
noise (10Hz to 10kHz):; available in 


plastic. 


rate. 


35V/usec typ slew rate; 183MHz typ 
gain bandwidth; 10pA max bias 
current; 5uV/°C max drift; distortion 
<0.003% at 1kHz:; available in 


plastic. 





25uV max Offset voltage; 0.6uV/°C 
drift; 100% tested noise, 3.8nV/./Hz 
max (2.7nV/./Hz typ) at 1kHz: 

available in 


SOpA max bias current at 25°C 
ambient; 5uV/°C drift; 4MHz min 
gain bandwidth; 10V/usec min slew 


olastic. 
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Take advantage of our outstanding 
Op amp selection, performance, 
and pricing for your OEM 
applications. Call or write us today: 
Burr-Brown Corporation 

P.O. Box 11400 

Tucson, AZ 85734 

(602) 746-1111 


BURR-BROWN® 
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ECL technology 
suits high-speed 


logic systems 








Because they drive low-impedance transms- 
sion lines directly, ECL circuits offer both 
performance and design advantages over 
Schottky TTL circuits. By using ECL car- 
cuits in your high-speed systems, you can 
eliminate some of the time-delay and ats- 
tortion problems inherent in such systems. 





Kenneth Chan, Monolithic Memories Inc 


When you design a high-speed logic system, consider 
using emitter-coupled logic (ECL) circuits as an alter- 
native to Schottky TTL circuits. ECL circuits switch 
about two to three times faster than do Schottky TTL 
circuits. Besides its performance advantages, ECL 
technology offers a number of advantages for the 
logic-system designer: Its differential output amplifi- 
ers, open-emitter outputs, large fan-out, and versatile 
drive capabilities save both design time and pe-board 
real estate. Further, by using ECL circuits in your 
system design, you can minimize some of the common 
problems associated with high-speed logic circuitry. 
Schottky TTL circuits and ECL circuits employ 
different modes of operation. Like standard TTL, 
Scottky TTL operates in the saturated region of the 
transistors’ basic current-voltage curve. The base re- 


EDN January 23, 1986 





Fig 1—To eliminate output-level fluctuations caused by supply- 
voltage variations, connect voltage-supply line Vcce to system 
ground. 





gion accumulates carrier electron charges during the 
transistors’ on time and releases them during the 
transistors’ off time. This charge-discharge sequence 
creates a storage-time delay—a characteristic common 
to all saturated-type logic circuits. 

A Schottky diode clamp between the transistor’s 
base and collector speeds up the discharge process. 
This technique shortens the discharge delay, but in- 
creases input capacitance. On the average, Schottky 
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Because ECL circuits operate in a nonsatu- 
rated mode, they don’t exhibit storage-time 
delays. 





TTL circuits can achieve a switching speed of 2 to 3 
nsec per gate. 

Unlike Schottky TTL circuits, ECL circuits operate 
in the unsaturated mode, so they don’t experience 
storage-time delay. An ECL transistor can, therefore, 
achieve a switching speed of 750 psec to 1 nsec per 
gate—roughly two to three times faster than a 
Schottky TTL device’s switching speed. 


Minimize output-level fluctuations 


ECL circuits also let you minimize output-level fluc- 
tuations and noise on the ground line. Fig 1 shows the 
basic configuration of an ECL 2-input OR/NOR gate. 
The emitter-follower outputs in an ECL gate are de- 
rived from the high-voltage supply line, so, by connect- 
ing the supply line to the system ground, you can 
eliminate output-level fluctuations caused by supply- 
voltage variations. 

As a result, the logical one state in ECL circuits is at 
ground potential and logical zero is at a negative 
voltage level. In contrast, in TTL systems, the logical 
one state is at a positive voltage and logical zero is at 
ground potential. 

An advantage of designing with ECL circuitry is that 
ECL circuits employ differential amplifiers, so you can 
develop simultaneous complementary outputs without 
using extra inverters. You can thus reduce package 
count, power requirements, and timing-differential 
problems in your design. 

Further, all ECL circuits feature open-emitter out- 
puts. If you’re using these outputs to drive transmis- 
sion lines that already provide an output load, you won't 
need to use internal pull-down resistors, so system 
power requirements will be further reduced. And, 
because of the open-emitter design, you can easily tie 
the outputs of two or more ECL gates together to 
achieve an OR function without incurring any gate 
delay. Although some TTL gates (open-collector types) 
also let you tie the outputs together, all ECL gates give 
you this capability. 

The open-emitter design and complementary-output 
features of ECL technology give you a great deal of 
flexibility in logic-system design. Although the power 
dissipation per gate is lower in TTL devices than in 
ECL devices, if you were to implement identical logic 
functions in TTL and ECL, the power/speed ratio of the 
ECL design might well be better. 

Another system-design benefit of ECL is that it 
doesn’t require you to terminate unconnected inputs 
externally, so it saves pc-board real estate as well as 
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CHARACTERISTIC IMPEDANCE 
Zo 





Fig 2—Think of an interconnect between two ECL gates (a) as a 
transmission line (b) whose characteristic impedance is Zp. To 
minimize ringing in the interconnect, make sure the termination 
resistance (Rr) matches the line’s characteristic impedance (Z,). 


design time and eases automatic testing. To drain off 
the transistor leakage current, you must pull ECL gate 
inputs down to Ver through a large-value resistor (50 
kQ for most logic functions). This scheme holds uncon- 
nected inputs at logical zero, so you can leave the inputs 
open. In contrast, Schottky TTL circuits don’t allow 
you to leave unconnected inputs open. 

Moreover, because they exhibit high input impedance 
and low output impedance, ECL circuits usually have 
large fan-out and versatile drive capabilities. In addi- 
tion, the switching-current level is low in ECL devices, 
so crosstalk between adjacent signal paths is minimal. 
ECL signals have a typical voltage swing of 850 mV. 
This voltage swing—lower than that of Schottky de- 
vices—shortens system rise and fall times. 

Finally, ECL circuits generate minimal power-sup- 
ply noise. For logic-state transitions, the differential- 
amplifier design simply switches the current path be- 
tween two transistors in a mirrored pair. Such a design 
eliminates current spikes—even during the signal’s 
transition period. Constant power-supply current sim- 
plifies power-supply design and reduces system cost. 

When you're designing a high-speed logic system, 
keep in mind that such circuits can often exhibit time 
delays caused by interconnect-wire inductance; signal 
distortions caused by transmission-line reflections; 
crosstalk; and fluctuations in voltage and temperature 
—any of which can severely limit your system’s perfor- 
mance. | 

You can take a number of steps to minimize these 
problems. For instance, in high-speed logic systems, 
each 12-in. length of interconnect wiring introduces a 
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time delay of approximately 2 nsec—a value approxi- 
mately equivalent to one gate delay. To avoid possible 
glitches at the outputs, you can gate the outputs, or you 
can match input-signal arrival times by using uniform 
wire lengths or programmable delay lines. 


Minimize signal distortions 


Signal distortions caused by transmission-line effects 
are another common problem in high-speed logic sys- 
tems. In systems that switch at high speeds, the 
lengths of board interconnects can approach the wave- 
lengths of the signals, causing ringing in the intercon- 
nection line. Such ringing signals can cause a false 
switching indication to an input gate that’s directly 
connected to the other end of the transmission line. 

You can solve the ringing problem by using ECL 
gates. To determine the interaction between wiring and 
circuitry, treat the interconnections (Fig 2a) as trans- 
mission lines (Fig 2b). You can express this ringing as a 
function of the line’s characteristic impedance and the 
termination load. Whenever the signal generator 
changes its output state, the characteristic impedance 
(Z)) determines the transient signal on the transmission 
line, and the termination load (termination resistance 
Rr, in this case) determines the steady-state signal. 


Impedance match eliminates ringing 


By selecting the value of Rr to match that of Zo, you 
can eliminate ringing in the interconnect lines. When 
the values of Ry and Z) match, you don’t have to make 
any signal adjustments between the transient and 
steady states. In effect, the system behaves as if the 
transmission line didn’t exist and as if the terminating 
resistance was connected directly across the generator 
terminals. 

You can use two different techniques to select the 
value of Ry; to match that of Z». For instance, in Fig 3a, 
the emitter-follower output transistors drive a 500 
transmission line. To match Rr to Z, you simply 
terminate the transmission line to —2V through a 500 
resistor. Another way to accomplish this impedance 
match is to terminate the transmission line to —5.2V 
through a Thevenin equivalent load (Fig 3b). 

In any case, because ECL gates have an open- 
emitter configuration, you’ll need to use pull-down 
resistors on unloaded lines. Using termination and 
damping resistors (Fig 4) at the outputs of the ECL 
gates will help reduce ringing on the inputs of subse- 
quent gates. If you connect the pull-down resistor to 
—5.2V, as in Fig 4a, typical values for the resistor (Rp) 
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Fig 3—By matching load and transmission-line impedances, you 
also reduce unwanted ringing. To effect this impedance match, 
connect the load resistance to —2V either directly (a) or with a 
Thevenin equivalent termination (6). 





Fig 4—You can reduce unwanted ringing on ECL-gate inputs by 
using pull-down and damping resistors. A pull-down resistor con- 
nected to —5.2V (a) can range from 270 to 20000, depending on the 
gate’s load. To save power, connect the pull-down resistor to —2V (6). 
To drive longer wnmatched-impedance interconnections, add a 
damping resistor (c). 
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An ECL transistor can achieve a switching 
speed of 750 psec to I nsec per gate— 
roughly two to three times the speed that a 
Schottky TTL device can offer. 





will range from 2700 to 2 kQ, depending on load 
requirements. To save power, connect a 50 to 1500 
resistor (Rp) from the output to —2V (Fig 4b). Further, 
by using a damping resistor (Rp in Fig 4c), you'll be 
able to use longer unmatched interconnections, al- 
though you'll have to sacrifice some switching speed. 

Another way to reduce ringing is to use a series- 
terminated transmission line, which takes advantage of 
the ringing that occurs at the ends of open lines. Only 
00% of the logic swing propagates through these lines. 
However, an ECL gate’s high input impedance approxi- 
mates the effect of an open line; ringing on an open line 
doubles the logic swing at the ECL input gate, thereby 
re-establishing a full logic swing (Fig 5). When you use 
this series-termination technique, your ECL circuitry 
generally consumes less power and can usually drive 
multiple lines. 

ECL devices can also minimize crosstalk, another 
problem typical of systems that switch at high speeds. 
To reduce the potential for crosstalk in your system, 
use 10K or 10KH ECL devices, which deliberately slow 
switching speeds to minimize crosstalk without com- 
promising other performance parameters. 

Because variations in voltage and temperature pro- 
duce fluctuations in threshold and signal levels in your 
system, you must usually incorporate circuitry that 
compensates for voltage and temperature changes. In 






4 cir cuitry belongs to three 

_ major families: 10K, which was 
_ introduced in the early 1970s, 

| and 100K and 10KH, which were 
_ both developed in the early — 
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EMITTER CURRENT* (mA) 
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ALL DEVICES ARE TYPE-D FLIP-FLOPS. 
“TOTAL CURRENT CONSUMED PER FLIP-FLOP 
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10K, 100K, and 10KH ECL technology 
EC 1980s. Improvements in litho- 
graphic technology during this 
time period resulted in 100K and 
10KH devices with generally 
better speed/power characteris- 


ECL-TECHNOLOGY PERFORMANCE 
: (10K) (100K) 
125 325 250 
28 50 31 
125 130 150 





tpp 
3 (PROPAGATION DELAY TIME 


Fig 5—The series-terminated transmission line provides another 
means of reducing ringing. When you use this series-termination 
technique, your ECL circuitry will consume less power and experi- 
ence less crosstalk. 





both 10KH and 100K ECL technologies, regulation of 
the current source and the reference voltages to the 
balanced-amplifier stage provides voltage compensa- 
tion. This regulation keeps input-voltage thresholds 









tics than those of 10K units. 
In addition, second-generation _ 
ECL circuits (100K and 10KH) 
have built-in temperature com- 
pensation. Devices in the 100K 
family have compensation cir- 
cuitry, which counters both volt- 
age and temperature fluctua- 
tions. The compensation 
circuitry in 10KH devices coun- 
ters voltage fluctuations and si- 
multaneously widens noise mar- 
gin by 20%. Although their 
circuit configuration differs from 
family to family, all ECL devices 
are compatible; all can coexist on 
a pe board with little need for 
Special design techniques. 
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Because they exhibit high input impedance 
and low output impedance, ECL circuits 
usually have large fan-out and versatile 
drive capabilities. 





Ves 


O Vee 


Fig 6—Regulating Vpg and Vcs in this ECL circuit eliminates input-threshold sensitivity to temperature and Vcc fluctuations. In 
addition, the diode-resistor network makes the output-voltage levels insensitive to temperature variations. 


constant despite temperature variations and Vcc fluctu- 
ations. In addition, a simple network between the bases 
of the output transistors (Fig 6) makes the output- 
voltage levels of 100K ECL circuits insensitive to 
temperature. Because they have a higher noise margin 
at the inputs, 1OKH ECL devices don’t require output- 
voltage level compensation. . 

When you use 10KH or 100K ECL devices, you won’t 
require an extended thermal stabilization period during 
system test. And because the circuits’ output swing is 
not dependent on temperature, thermal gradients 
across the system aren’t a design constraint, so you'll 
find it easy to design your system’s cooling apparatus. 

When you're using 10K ECL circuits, however, the 
temperature gradients are a design constraint; these 
logic families don’t offer temperature compensation. In 
systems that include uncompensated circuits whose 
output-voltage levels and input thresholds vary with 
temperature, it’s especially important to minimize 
temperature gradients between communicating cir- 
cuits. When driving and receiving circuits are operating 
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at different temperatures, any temperature-induced 
variations in output-voltage levels and input thresholds 
will degrade noise-margin figures by about 1 mV/°C of 
temperature gradient. EDN 
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Here's why. 
~ CDI’s channelless ASIC technology gives 
you more performance in less silicon space. So at 
2 microns, you get more speed and smaller die size 
than you'd expect from a 1.5 micron circuit. Or at 
3 microns, you get economical 2 micron equivalent 
speed and size. 

With proven producibility, too. 

And when you want to move from semicustom 
into standard cells, CDI reduces conversion risk, 
too—with the only software that doesn't require you 
to re-engineer or resimulate your design. 

Write or call CDI for complete information today. 
And find out why less is more. 
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No bug 


Select the development tools 
you need including an optional 16- 
channel logic state probe analyzer 
and a complete range of symbolic 
and source level debuggers, 
assemblers, and compilers. And as 
your needs move into 32-bit sys- 
tems, look to Applied Microsys- 
tems for the development tools to 
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powe rful co nr - keep you ahead. 
teen Real time solutions for real 
og world problems. 


Some problems, such as tim- 
ing and bus arbitration, only occur 
when a processor is working at its 
full rated clock speed. An emula- 
tor that requires wait states masks 
these problems. With an Applied 
Microsystems emulator you get 
zero wait states. Guaranteed. 


_ Find the bug, fix the bug. 


Most of the time the tough 

_ part of debugging isn't fixing the 
problems, it’s finding them. And 
that’s where Applied Microsystems’ 
exclusive Event Monitor outshines 


statements linking compara- 
This lets you quickly force 

ay down through three or 
Is of code to where the 


S are dug in. 


is buried too deep. 


How a low performance emulator 
can be terribly expensive. 


Low performance emulators 
cant find the tough problems. 
They squander valuable engineer- 
ing resources, keep your product 
from getting to market, and end 
up costing you a lot of money. Ask 
our sales engineers how Applied 
Microsystems helps you come in 
on time and on budget. 


Call today to find out why 
leading companies choose 
Applied Microsystems. 


For technical and application 
data on the EM/ES series emula- 
tors, call Applied Microsystems at 
1-800-426-3925. In Washington 
state call (206) 882-2000. Or write 
Applied Microsystems, P.O. Box 
C-1002, Redmond, WA 98073-1002. 


Applied 
Microsystems 
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Two-piece connections 
for every itinerary. 


Get on board now with 


the world’s biggest 
selection. 


Name your application—our two-piece connector 
schedule covers every stop on the map. 

Need maximum reliability and flexibility in a 
medium-to-high pin-count application? AMP Box 
Contact Connectors and high-density AMP-HDI 
Connectors feature four-way contact on every pin. 





Very reliable. Very forgiving of pin angle during mating 
and unmating. And both also offer power and coax 
contacts—big design help in those crowded 

little corners. 


Headed for design-wide compatibility? 
AMPMODU two-piece connectors are part of a 
complete, cost-saving, modular system, featuring 
shortened signal paths for high-speed designs. Or, 
go Eurocard. The European standard for over 10 
years, now used everywhere. And now available 
everywhere—from AMP. 


Whatever your destination, AMP has the two- 
piece connectors you need, engineered for quality, 
reliability, and—especially with our compliant-pin 
option—increased productivity. 





At left: 
AMP-HDI Connectors 


e To 684 positions 
on standard 
.100” grid 

e Selective 


Call (717) 780-4400 and 
ask for the AMP Two- 
gold plating 


_ Piece Connector Desk. 
ae . AMP Incorporated, 
7 3 me Harrisburg, PA 17105. 
¢Press-fit ACTION PIN [aasaaume = 

contacts available = 
¢ 10A and 30A a 


ae Eurocard Connectors pean hi ae a 
ae pga te ¢ Compatible with onnectors 
; ete coax Box Contact Connectors DIN 41612 connectors e Standard .100” grid, 12-200 
meet e 100”, .075”, .050” center © Selectively positions, horizontal or 
lines gold-plated press-fit right-angle versions 
e MIL-C-55302 versions contacts e Duplex or selective gold plating 
available e Standard and inverse e Press-fit ACTION PIN 
e Power and miniature mating contacts available 
coax contacts 


E 
L 
E 
i 
| 3 
€ 
z 





AAINMIF interc nnecting ideas 
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The hole story about 
fiberoptic connectors 


The more concentric the hole 
in a fiberoptic connector, the 
more precise the alignment 
... the lower the signal loss... 
the greater the efficiency of 
the system. 


Augat Fiberoptic Con- 
nectors are produced with a 
hole tolerance held to an 
incredible +4,—0 microns. 
Concentricity is maintained 
within 2 microns of geo- 
metric center. (Ferrules are 
machined in Augat’s Swiss 
facility by the world masters 
of precision components.) 


Augat Rhode Island further 
ensures optimal alignment by 


See the light. | 


subjecting its connectors to 


profile magnification and 
laser optical power measure- 
ments on uniquely revealing 
instruments. No other manu- 
facturer dares take such a 
close and potentially unflat- 
tering look at itself. 


Best of all, you pay no more 
for the superior excellence of 


the finest fiberoptic connectors. 


Our complete line of SMA 
style multimode connectors 
are available in Arcap and 


Nickel Plated Brass. We also 
CIRCLE NO 85 


ee 





offer a field installable single 
mode connector with less 
than .5dB insertion loss. 


You'll find Augat Fiber- 
optics refreshing to do 
business with...the substan- 
tial resources of a large 
corporation combined with 
the responsiveness and 
service you require. 


See the light with AUGAT 
FIBEROPTICS, 710 Narragan- 
sett Park Drive, Pawtucket, 
RI, 02861. Telephone (401) 
124-4400. Telex—511450. 


TEMS FIBEROPTICS 


Quality and Innovation 


Single-chip, 2-port 





RAM controller 


saves board space 





Dual-port RAM chips with built-in control 
circuitry have prolnbitive lumitations when 
considered as solutions to the problem of 
sharing large amounts of memory between 
system peripherals. A compact, single-chip, 
dual-port RAM controller can help pro- 
cessors with different architectures share 
memory blocks of any size. 


Jacques Tellier and David Bell, 
Matra-Harris Semiconducteurs 


When you design a system that incorporates intelligent 
peripherals, each with its own »P, you might find that 
the peripherals need to share fairly large amounts of 
data with the CPU. The most convenient way of 
implementing shared memory is to use dual-port RAM, 
but you’ll then need complex control circuitry to ensure 
that access demands from concurrent, asynchronous 
processors are served correctly. You can achieve the 
required level of complexity and still save board space 
by using a single-chip, dual-port RAM controller. 
Dual-port RAM chips with built-in controllers can 
provide a fast, compact solution to the problem of 
sharing a small amount of memory. However, current 
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technology limits the capacity of these RAM/controller 
chips to approximately 2k bytes, and some have only an 
8-bit data bus. You can’t cascade two or more of these 
chips to obtain a wider data bus because any slight 
differences in speed between the chips could produce 
unpredictable results when two different processors 
request access simultaneously. To avoid such problems, 
you would have to access data eight bits at a time, 
regardless of the bus width. 

For a system in which both 8- and 16-bit processors 
must share memory blocks as large as 64k bytes, you'd 
like each processor to be able to access as many bits at a 
time as its native data bus will accommodate. To 
provide this and other features, however, you'll need a 
controller that isn’t built into the RAM chips. The 
Matra-Harris HMC6207 dual-port RAM controller pro- 
vides a compact, low-power means of sharing memory 
blocks of any size between processors that have differ- 
ent architectures, and of matching the number of 
memory bits accessed at one time to the data-bus width 
of the processor making the access request. 

The HMC6207 controller chip generates all the sig- 
nals necessary to interface standard static-RAM chips 
to two different processor buses, and it generates all 
the control signals required by 8- and 16-bit processors 
(Fig 1). In addition, the HMC6207 provides the signals 
required for Multibus control in 80C86/88 systems and 
performs buffer selection and validation. Fabricated in 
CMOS, the controller consumes very little power. In- 
ternally, the chip has five functional groups of circuitry: 
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arbitration, buffer control, RAM control, acknowledge- 
signal generation, and Multibus control. The controller 
has two ports, one for processor A and the other for 
processor B. There are minor differences between the 
two ports because the controller was originally de- 
signed for use with a Multibus-compatible CPU board 
based on the 80C86 pP chip. 


Controller arbitrates memory requests 


To request access to the dual-port RAM, a processor 
generates one of two request signals: A. DRQ (for the A 
port) or B. DRQ (for the B port). Either request signal, 
accompanied by an appropriate read or write signal, 
causes the request to be stored in the controller in a set 
of D-type flip-flops that are clocked from an external 
source. The clock signal may be any signal (usually the 
system clock of one processor) that satisfies the timing 
constraints of both processors. 

This request-clocking signal will be completely asyn- 








Dual-port RAM/controller chips are avai- 
able but have limited storage capacity. A 
separate controller chip 1s preferable for 
large shared memories. 


chronous with respect to access requests issued by at 
least one, and perhaps both, of the processors. There- 
fore, you will not be able to guarantee the setup and 
hold times of the D-type flip-flops. Under these condi- 
tions, cross-coupled TTL or ECL flip-flops would exhib- 
it a tendency toward metastability that would seriously 
restrict the maximum clock speed. However, the 
CMOS flip-flops in the HMC6207 have a more stable 
structure that doesn’t use cross-coupling and isn’t 
prone to oscillation or undefined levels. 

A priority network (the arbitration section of Fig 1) 
directs the access requests into a second set of D-type 
flip-flops that control generation of the output signals. 
If two access requests arrive simultaneously, the con- 
troller gives priority to the request from processor A; it 
will generally service the request from processor B 
immediately after the memory cycle that services the 
request from processor A. However, asserting the 
A.LOCK or B.LOCK signal at the time of the first 
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Fig 1—The HMC6207 generates all control signals needed to allow two processors to share a block of static RAM. The processor buses are 


isolated from each other and from the RAM bus by 3-state buffers. 
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access request allows the requesting processor to retain 
control of the dual-port RAM for as long as the lock 
signal remains asserted. The controller will deny access 
requests from the other processor until the lock is 
removed. The lock operation is useful during loading or 
updating of data, when accesses by the other processor 
could produce erroneous results. 

The dual-port RAM must have its own address and 
data buses, isolated from each processor by 3-state, 
bidirectional buffers. The controller generates all of the 
signals necessary to control the direction and validation 
of the buffers. 


Further decoding may be necessary 


You address individual RAM chips in the dual-port 
block in the usual manner, using the chip-select signal 
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UPPER DATA 


LOWER DATA 


(D.CS). In systems with large amounts of RAM, you 
may need to perform further decoding on the chip- 
select signal. You select read or write operations with 
the write signal (D.WR). For reading data, you also 
assert one of the data-enable signals (A.DTEN or 
B.DTEN). 

If you want to organize the dual-port RAM as 16-bit 
memory, you can select either the low (even) byte with 
the D.CSAO signal, or the high (odd) byte with the 
D.CSBH signal. The lower-byte enable (A.LEN) and 
upper-byte enable (A. UEN) signals activate a separate 
data buffer for each half of the memory word, so that by 
asserting the proper signals you can use 16-bit memory 
with one 16-bit and one 8-bit processor, or with two 
16-bit processors, or even with two 8-bit processors. 

When an access request is being serviced, the con- 
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MULTIPLEXED ADDRESS/DATA BUS 





Fig 2—An 8-bit processor can share memory with a 1 6-bit processor by using the HMC6207 dual-port RAM controller and some external 


logic. 
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Many intelligent peripherals must share 
memory with the host processor to maintain 
high data-transfer rates. 





troller generates an acknowledge signal (A.ACK or 
B.ACK) to inform the requesting processor that data is 
ready. Normally, such signals appear on the control bus 
at the same time that the controller generates the 
chip-select signal. This synchronicity allows an access 
time of approximately 100 nsec for the RAM. 

If, however, your system requires longer access 
times—you’re using slow RAM, for example—applying 
an appropriate code (01, 10, or 11) to the ACKO and 
ACK1 pins of the controller lets you delay both ac- 
knowledge signals (for all accesses) by one, two, or 
three clock states. The extra access time may be as 
little as 50 nsec or as much as 100 nsec, depending on 
the controller clock rate. | 

As noted, the controller interfaces to the Multibus, 
which allows both 8-bit and 16-bit data transfers. You 
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select a Multibus access by asserting the bus-request 
(BUSRQ) and bus-address-enable (BUSAEN) signals. 
The controller then passes the address generated by 
the processor to the Multibus via the dual-port RAM 
address bus. At the same time, the controller places the 
proper byte-select signals on the Multibus. 

All 8-bit transfers take place on data lines Do-7, the 
even byte. If you want to read an odd byte, you must 
transfer the byte from RAM data lines Dg-15 to Multi- 
bus data lines Do.7. For a write operation, you transfer 
the odd byte from Multibus lines Do-7 to RAM data lines 
Ds-15. The usual way of doing the swap is to transfer the 
byte through an extra buffer called the swap buffer. 
The HMC6207 decodes B.ADO and B.BHE and gener- 
ates either the upper-and-lower-byte enable signal 
(B.ULEN) for a 16-bit transfer or the swap-enable 
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Fig 3—Processors that share memory don’t have to be of the same family. You can connect an Intel processor to one port of the RAM 
controller and a Motorola processor (or a Multibus multimaster system) to the other port. 
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re — our 6-T RAMs Stewie more rote ‘or 
data your missions depend on. Here's how and why... 









— actually N-channel devices with some CMOS compo- 
nents. Our 6-[T RAMs are 100-percent CMOS, so you get 
100-percent of the inherent CMOS advantage, 

Ultra-Low-Power Operation: 4-T units typically have 
standby currents in the 1,000 to 20,000 vA range; our 6-T 
RAMs are guaranteed over the full military temperature 
range at maximum standby currents of 50 and 100 pA. 

Very Stable Current: 4-T memory cell designs use 
polysilicon pull-up resistors, whose characteristics change 
with temperature — so their standby current changes with 
temperature. Our 6-T design uses P-channel transistors as 
pull-up elements, creating a full CMOS memory cell and 
eliminating the current fluctuation seen with polysilicon 
resistors. 

Superior Radiation Resistance: 4-T units typically func- 
tion up to 1,000 to 5,000 rads; our 6-T RAMs have been 16K RAM a (ae. 
characterized at 10,000 to 15,000 rads. Prac. Ka ee ss ee Ll 

Superior Data Protection! It’s a result of our years of ex- CMOS er RAM Ane Tee ee ee Ere ee 
perience meeting military requirements. And a result of the s 
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Harris offers a complete line of monolithic RAMs in 


RAM CELL HARRIS 1K to 64K densities and RAM modules in 64K and 256K 
4 TRANSISTOR CMOS RAM “ ses ; 
eae CLL. Sacer Cate densities. For complete information, contact: Harris/MHS 


Semiconductor Sales Ltd., Eskdale Road, Winnersh, 
Wokingham, Berks, RG11 5TR, England. 


Harris Semiconductor: Analog - CMOS Digital 
Gallium Arsenide - Semicustom - Custom 


© HARRIS 





For your information, our name is Harris. 
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TABLE 1—PROCESSOR A 
ACCESS TO DUAL-PORT RAM 


ACCESS TYPE 


16-BIT ACCESS TO RAM. SIGNALS 
D.CSBH AND D.CSAO ARE ACTIVE. 


8-BIT ACCESS TO EVEN BYTE. DATA |S 
TRANSFERRED ON DATA LINES Do.7. SIG- 
NALS D.CSAO AND A.LEN ARE ACTIVE. 


8-BIT ACCESS TO ODD BYTE. DATA IS 
TRANSFERRED ON DATA LINES Dg.i5. SIG- 
NALS D.CSBH AND A.UEN ARE ACTIVE. 


ILLEGAL. THE PROCESSOR MUST NOT 
MAKE AN ACCESS WITH THE SIGNALS IN 
THIS STATE. 


signal (B.SWEN) for an odd-byte transfer. Tables 1 
and 2 show the various kinds of transfer that are legal 
and the signals that you must assert to select a particu- 
lar type of transfer. 

Fig 2 shows how an 8-bit 80C88 processor can share a 
16k-byte block of memory with a 16-bit 80C86 pro- 
cessor. The shared memory is 16 bits wide for the 
benefit of the 80C86. Access to the shared memory is 
through port A for the 80C88 and through port B for 
the 80C86. In the configuration shown, the control 
signals generated by each processor determine the 
direction of the buffers, and the 80C88 cannot access 
the local bus of the 80C86. 

If it becomes necessary for the 80C88 to access 
devices attached to the 80C86 local bus, you’ll have to 
use the Hold and HLDA signals (used for minimum- 
mode DMA) as follows. First, arrange it so that, when 
the 80C88 decodes an address that refers to a device on 
the 80C86 local bus, the BUSRQ signal will be applied 
to the 80C86 Hold input via a synchronization flip-flop. 
Then connect the HLDA signal, which releases the 
80C86 bus, to the BUSAEN input of the controller; the 
80C88 now has access to the 80C86 local bus. You'll need 
to implement some additional logic to pass the acknowl- 
edge signal to the 80C88. In particular, this logic should 
invert the ADO signal from the 80C86 before address 
decoding takes place. 

Although the HMC6207 RAM controller interfaces 
primarily with processors of the Intel family, it’s flex- 
ible enough to accommodate processors that have quite 
a different architecture, such as members of the Moto- 
rola 68000 family. Fig 3 shows how you can share 
memory between 80C86 and 68000 processors. The 
68000 generates and requires signals that are very 
similar to those of the 80C86. There are, however, some 
discrepancies, and connecting the 68000 to port B 
(originally designed as the Multibus port) will make it 
easier to correct them. 

The 68000 uses the upper data strobe (UDS) and 
lower data strobe (LDS) to indicate access type. These 
signals correspond directly to the BHE and ADO sig- 
nals of the 80C86, but you must invert the LDS signal. 
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TABLE 2—PROCESSOR B 
ACCESS TO DUAL-PORT RAM 


ACCESS TYPE 


16-BIT ACCESS TO RAM. SIGNALS 
D.CSBH, D.CSAO, AND B.ULEN ARE AC- 
TIVE. 


8-BIT ACCESS TO EVEN BYTE. DATA IS 
TRANSFERRED ON DATA LINES Do.7. SIG- 
NALS D.CSAO AND B.ULEN ARE ACTIVE. 


8-BIT ACCESS TO ODD BYTE. DATA IS 
TRANSFERRED ON DATA LINES Dg.15. SIG- 
NALS D.CSBH AND B.SWEN ARE ACTIVE. 


8-BIT ACCESS TO ODD BYTE. DATA IS 
TRANSFERRED ON DATA LINES Dg.-15. SIG- 
NALS D.CSBH AND B.SWEN ARE ACTIVE. 





To ensure that the controller can generate all the buffer 
signals necessary for a data transfer, combine the 
read/write (R/W) and address-strobe (AS) signals to 
produce the B.MRD and B.MWR signals. You should 
also connect the address strobe to the B. LOCK input of 
the controller to ensure that the 68000 has control of the 
RAM during test-and-set instructions. Finally, connect 
the controller’s B.ACK signal directly to the DTACK 
input of the 68000. 2DW 
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Squeeze the excess 





out of 


circuit board design. 


Avoid unnecessary layers in printed 
circuit boards. Shorten conductor runs. Im- 
prove design accuracy. 

Let the IBM Circuit Board Design Sys- 
tem 2 help. CBDS is highly interactive soft- 
ware that helps you optimize your board 
designs by automatically handling all the 
details of a layout as design advances. Even 
after a designer has worked on a board for 
hours, CBDS can generally suggest ways to 
simplify it. 

CBDS handles every aspect of board 
design. You start with a schematic or 
netlist, and the system helps you create a 
physical layout. It incorporates a simulator 
that verifies the logic design, including 
propagation delay and gate loading, and 
generates digital test patterns to drive a 
production-line tester. It creates tapes for 
photo plotters and numerically controlled 
production machines. At every step of the 
process, CBDS automatically insures that 
you’ve conformed to your design rules. 

Fewer Layers 

You can get a board with fewer layers 
and drillholes—which means less costly, 
more producible boards and better yields. 

Design output is generated automatt- 
cally from design data. And system re- 
sources can be shared by multiple users, 
who don’t have to be computer experts. 


CBDS is designed for simplified operation 
by non-DP professionals. 

CBDS, with its complete design-to-man- 
ufacturing capability, is competitive in 
price whether you have a few workstations 
or many. It works with a range of IBM 
systems from the 4300 series to the 308X 
family of processors. And with the IBM 
5080 Graphics System workstation, you can 
work in vivid color. 

Make sure your printed circuit boards 
are the best they can be. For more informa- 
tion about the IBM Circuit Board Design 
System, call IBM toll free at 
1 800 IBM-2468, Ext. 81. === = 


Or return the coupon. 


IBM 
| DRM, Dept. BX/815 

| 400 Parson’s Pond Drive 
: Franklin Lakes, NJ 07417 


| I want to squeeze the excess out of circuit boards. 


|] Please send me more information on the IBM 
| Circuit Board Design System 2. 
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“LEADING THE INDUSTRY IN VME SOLUTIONS 
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Our full line of VMEbus Modules includes: 


[] HOST COMPUTER INTERFACES |] SYNCHRO/RESOLVER 

L[] VME-TO-VME LINKS |] ANALOG BACKPLANES 

|} DIGITAL I/O |] SYNCHRO BACKPLANES 

[| ANALOG I/O [_] INTELLIGENT I/O 

[] CHANGE-OF-STATE CONTROLLERS 

[| COUNTER/PULSE RATE |] FULL ONE YEAR WARRANTY 
[| SERIAL I/O ON ALL MODULES 


VMIC° 


VME MICROSYSTEMS INTERNATIONAL CORPORATION 


12021-N South Memorial Parkway 
Huntsville, AL 35803 
205) 880-0444 
205) 533-5900, ext. 469 
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Software links 
math chip to 


68000-family wPs 





Emulating the MC68020 \P’s special co- 
processor instructions gives you two ways to 
link an MC68881 math chip and 16-bit 
68000-family CPUs. You use macros to m- 
sert coded routines in your program, or you 
use a trap routine that detects and emu- 
lates special math op codes. 








Sarah Harris and Tom Johnson, Motorola Inc 


Although it’s specifically designed for use as a coproces- 
sor with the 32-bit MC68020 uP, the MC68881 floating- 
point math chip also operates with 16-bit 68000-family 
wPs. If you interface the 68881 chip to a computer as a 
peripheral device rather than as a coprocessor, you get 
to choose between two types of control software for the 
chip: in-line code such as macros or trap and emulation 
routines. You can adapt the macros to many pPs, but 
the trap technique is specific to the 68000 family, which 
includes the MC68000, MC68008, MC68010, and 
MC68012 chips. 

When you use a 68881 math chip as a coprocessor ina 
68020-based computer system, the interface circuit 
places the math chip’s registers in the CPU’s address 
space. The 68020 uP chip selects the CPU address 
space by setting its function-code output lines FC)-F Cz 
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to 111. The 16-bit 68000 wP chip, however, doesn’t 
allocate any CPU address space; instead, it identifies an 
interrupt-acknowledge cycle with the equivalent func- 
tion code. Therefore, to properly control a 68881 chip in 
a 68000-based computer, you must design the interface 
circuit to control the math chip as a peripheral device in 
the computer’s data-address block. 

When the 68881 math chip is available to your com- 
puter as a peripheral, you can write the control soft- 
ware in two ways. The first approach involves writing 
macros or in-line code that controls the math chip. You 
use standard 68000 op codes that treat the math chip as 
a peripheral device, transferring instructions and data 
to it and receiving flags and data from it. Each macro or 
section of in-line code acts as a driver routine that 
simulates one of the 68020’s special coprocessor op 
codes. If your software-development tools don’t sup- 
port macros, you can write subroutines instead. 


Trap routines decode op codes 


The second approach lets you include the 68020’s 
coprocessor op codes in your program along with the 
usual 68000 op codes. Although the 68000 family’s 16-bit 
CPUs don’t execute the coprocessor op codes, they do 
detect or trap them, forcing the CPUs into an exception 
state. While it’s in the exception state, a 68000 CPU 
transfers control to a routine that decodes the coproces- 
sor op code and emulates it with a series of 68000 
instructions that control the 68881 math chip. 

Each coprocessor op code contains bits that identify a 
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Macro routines let you insert 68881 control 
operations into your programs. 





general, branch, conditional, save, or restore opera- 
tion. The op code also contains three identification bits 
that let the computer select one coprocessor from as 
many as eight (Fig 1). After each coprocessor op code 
you'll include as many as seven words that contain a 
coprocessor command, data, address, and extension 
information, depending on the type of op code. Keep in 
mind that the coprocessor op code simply signals the 
CPU that coprocessor information follows. The com- 
mand and data words that follow the op code control the 
coprocessor. 

Because the four most significant bits in each coproc- 
essor op code are set to a logic one, or hexadecimal F, 
programmers call the coprocessor instruction trap the 
F-line trap. Although using the F-line trap technique 
means you'll have to write control routines that simu- 
late the coprocessor instructions, there’s an advantage 
to using the trap technique if you plan to transfer your 
programs to a 68020 CPU. Because the 68020 executes 
the special coprocessor instructions without forcing the 
CPU into an exception state, moving up to a 68020- 
based computer requires no software changes. You 
might, however, want to remove the coprocessor in- 
struction-emulation subroutines from your 68000 pro- 
gram to save memory space. A disadvantage of using 
the F’-line trap technique in 68000 systems is that the 
exception processing takes extra time (the CPU must 
perform stack and vector operations), and your subrou- 
tine must interpret the 68881 instruction, data, and 
address information that follows each coprocessor op 
code. 


Techniques trade memory for time 


The trade-off between the macro and instruction- 
emulation techniques involves program-execution time 
vs program length. Each time you put a math-coproces- 
sor macro in your program, you increase the program’s 
length, but the program still operates quickly. On the 
other hand, by using emulation routines you save 
program space, because you need only one routine per 
function. Emulation routines, however, require CPU 
time to perform internal operations and to decode the 
68881’s instructions. So if processing speed is of prime 
importance, use macros. 

By using macros, software-development systems will 
quickly insert the math-chip control steps into your 
program as you need them. If your assembler supports 
parameter manipulation within macros, use the assem- 
bler to parse the 68881 chip’s math instructions and to 
determine the proper addressing mode for them. Simi- 
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larly, if you can include conditional-assembly directives 
within the macros, the assembler will decode bit fields 
in the math instructions to determine what actions you 
want the final program to perform. Because the assem- 
bler does the parsing and decoding as part of the 
program-development process (ie, at assembly time), 
the resulting program runs efficiently and quickly. 
How you define the control macros for the 68881 math 
chip depends on your application. Under ideal condi- 
tions, you’d program a macro for each 68881 math 
operation using standard 68881 instruction mnemonics 
as the macro name. When you provide separate math- 
operation macros, the software is source-code compati- 
ble with a 68020 wP chip; you simply reassemble the 
code with a 68020 assembler. However, you'll need a 
lengthy library of macros for all combinations of 68881 
math operations, data types, and addressing modes. 


Instruction groups save programming time 


With the exception of the Save and Restore instruc- 
tions, you can put similar instructions in groups and 
write generalized macros for each group. For example, 
all of the instructions that transfer data from memory 
into the 68881 chip operate in the same way. By 
grouping the instructions, you can write general 
macros that control each type of memory-to-68881 
transfer (these macros are known as “move-in” 
macros). Let the assembler decode the individual math 
operations and modify the main sequence of instruc- 
tions within the macro accordingly. Differences within 
a group of instructions occur in the math operation to 
be done (addition, subtraction, etc), the data’s type 
(precision and format), and the addressing mode. Al- 
though a smaller number of generalized macros simpli- 
fies your programming task, you must still give your 
macros the same information or parameters you’d find 
in the coprocessor instructions they replace. 

To pass parameters to a move-in macro, use the 
following general format: 


MACRONAME FUNCTION, SOURCE, 
DESTINATION 


MACRONAME specifies the method of data transfer 
and the data type, while FUNCTION tells the macro 
what type of general operation you want to simulate 
(Table 1). SOURCE and DESTINATION are memory 
or register pointers. The seven general move-in macros 
differ only in the precision of the information they 
transfer. The sample macro of Listing 1 (pg 184) serves 
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16-BIT COPROCESSOR OP CODE 








< COPROCESSOR COMMAND WORD > GENERAL-CLASS 
| INSTRUCTION 
l < USER-DEFINED EXTENSION WORDS (0-N) > | = FORMAT 


| < EFFECTIVE ADDRESS EXTENSION WORDS (0-5) > | 





| < USER-DEFINED EXTENSION WORDS (0-N) > 


| | BRANCH-CLASS 
INSTRUCTION 
< WORD-LENGTH BRANCH DISPLACEMENT > FORMAT 


< LONG-WORD BRANCH DISPLACEMENT > 





< CONDITION > CONDITIONAL-CLASS 
INSTRUCTION 
FORMAT 


SAVE-CLASS 
INSTRUCTION 
FORMAT 


RESTORE-CLASS 
INSTRUCTION 
FORMAT 





Fig 1—Coprocessor op-code formats include an F-line op code that identifies the coprocessor device and the type of operation (a). As many as 
seven words follow the op code (6), providing a coprocessor command, data, address, or other information. 
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The F-line traps provide for upward com- 
patibility with 68020-based computers. 


TABLE 1—INFORMATION AND CODES FOR THE MEMREGx MACROS 


FUNCTION DATA 


MNEMONIC | HEX | FUNCTION |= MNEMONIC_| HEX | FUNCTION 

FMOVE $00 MOVE FCOSH $19 HYPERBOLIC COSIN 

FINT $01 INTEGER PART FNEG S1A NEGATE 

FSINH $02 HYBERBOLIC SIN FACOS $1C ARC COSIN 

FSQRT $04 SQUARE ROOT FCOS $1D COSIN 

FLOGNP1 $06 LOG BASE (N +1) FGETEXP $1E GET EXPONENT PART 
FETOXM1 $08 (e* *X)-—1) FGETMAN $1F GET MANTISSA PART 

FTANH $09 HYPERBOLIC TAN FDIV $20 DIVIDE 

FATAN $0A ARC TAN FMOD $21 MODULO REMAINDER 

FASIN $0C ARC SIN FADD $22 ADD 

FATANH $0D HYPERBOLIC ARC TAN FMUL $23 MULTIPLY 

FSIN $0E SIN FSGLDIV $24 SINGLE-PRECISION DIVIDE 
FTAN $0F TAN FREM $25 IEEE REMAINDER 

FETOX $10 ex FSCALE $26 SCALE EXPONENT 

FTWOTOX $11 2 oh FSGLMUL $27 SINGLE-PRECISION MULTIPLY 
FTENTOX $12 10% FSUB $28 SUBTRACT 

FLOGN $14 LOG BASE N FCMP $30 COMPARE 

FLOG10 $15 LOG BASE 10 Fis! $38 TEST OPERAND 

FLOG2 $16 LOG BASE 2 FSINCOS $3A SIMULTANEOUS SIN AND COS 
FABS $18 ABSOLUTE VALUE 


REGISTER DATA 


HEX OFFSET MNEMONIC REGISTER NAME 
$00 FPO FLOATING-POINT DATA REGISTER 0 
$01 Pri FLOATING-POINT DATA REGISTER 1 
$02 FP2 FLOATING-POINT DATA REGISTER 2 
$03 FP3 FLOATING-POINT DATA REGISTER 3 
$04 FP4 FLOATING-POINT DATA REGISTER 4 
$05 FPS FLOATING-POINT DATA REGISTER 5 
$06 FP6 FLOATING-POINT DATA REGISTER 6 
$07 Fri FLOATING-POINT DATA REGISTER 7 
$00 RESPONSE RESPONSE-INTERFACE REGISTER 
$0A COMMAND COMMAND-INTERFACE REGISTER 
$10 OPER OPERAND-INTERFACE REGISTER 
$838000* MC68881 BASE ADDRESS OF MC68881 IN DATA SPACE 
“THIS VALUE IS SELECTED BY THE USER BASED ON SYSTEM 
CONFIGURATION. 
DATA TYPES 
DESIGNATION DATA TYPE 
B BYTE-INTEGER 
W WORD-INTEGER 
L LONG WORD-INTEGER 
S) SINGLE-PRECISION FLOATING POINT 
D DOUBLE-PRECISION FLOATING POINT 
X EXTENDED-PRECISION FLOATING POINT 
e PACKED BCD FLOATING POINT“ 


*BCD = BINARY-CODED DECIMAL. 
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as a prototype to use when you develop your own 
control software. 

All move-in macros operate in the following se- 
quence: Write the instruction or data into the proper 
68881 register; test the 68881 for a response; respond to 
a 68881 request; and release the processor for other 
tasks. During its sequence of operations, the 68881 chip 
puts information in its response register, forms a 
primitive instruction from that information, and passes 
that instruction to the CPU. The response register’s 
most significant bit represents a come-again (CA) flag 
that tightly couples the 68881 coprocessor to the main 
CPU in a 68020-based computer. 

In computer systems that use the 68881 chip as a 
peripheral, the CPU treats the CA bit as a busy/ready 
flag that indicates the status of the 68881 chip. If the 
CA bit is set, the computer executes the primitive 
command (if any) in the 68881’s response register and 
then tests the CA bit again. When the CA bit is set and 
the response register doesn’t contain a specific service 
request, the computer continues to test the CA bit ina 
null-come-again loop: 


\@NULREL TST.B MC68881+RESPONSE ;TEST REGISTER 
BMI.S \@NULREL ‘BRANCH ON MINUS 


After it completes a task, the 68881 chip resets the 
CA bit, releases the computer from the loop, and lets it 
go to the next program step. In addition to the CA bit, 
the response register contains either requests for CPU 
services or information that alerts the CPU to error 
conditions in the 68881 chip. 


Flag bits detect errors 


Because the 68881 implements IEEE Standard 754 
math operations, the chip includes many error or excep- 
tion flags that detect such conditions as overflow and 
floating-point divide-by-0. The 68881 lets you selective- 
ly enable or disable individual exception bits so your 
software monitors only the ones you choose. The chip’s 
default condition disables all of the exception bits, 
which eliminates the need to test for their presence and 
process them in your software. Processing errors can 
still occur, however; you just won’t know they took 
place. To keep the macro examples simple, the error- or 
exception-processing steps aren't included. Begin soft- 
ware development at a low level and increase its 
complexity later. Leave the exception bits disabled 
until you develop and test the main macros. 

If you disable the 68881’s exception and error flags, 
the only response-register commands the CPU gets are 
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null-come-again or evaluate-effective-address-and- 
transfer-data commands. The latter type of command 
directs the computer to transfer information to or from 
the 68881 chip. After you’re familiar with the coproces- 
sor’s op codes and instructions, you can start to plan the 
flow of your macro routines. 


Start with sample macro routines 


The sample MEMREGW macro (Listing 1) operates 
on a word-length value (16 bits) and illustrates how a 
typical macro routine operates (Fig 2). The macro- 
routine call within your main program takes the form 


MEMREGW FUNCTION, EA, FPN 


Within the macro routine, the computer equates each 
function code (FUNCTION) and internal 68881 register 
number (FPN) with a specific bit pattern. The assem- 
bler combines these bit patterns with the effective- 
address (EA) value to formulate the proper 68000 


NULL-COME-AGAIN 
LOOP 


PCA SET 


EVALUATE EFFECTIVE ADDRESS 
AND TRANSFER DATA 
TO COPROCESSOR — COME AGAIN 


NULL-COME-AGAIN 
LOOP 


MAIN PROCESSOR 
RELEASED 





Fig 2—The move-in macros transfer information to the 68881 math 
chip and monitor the come-again flag bit until it releases the 
computer. 
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Prototype macro and trap routines provide 
examples you can adapt to your computer. 


instructions that control the 68881 chip. 

The assembler accepts the parameters from the 
macro-calling line in your program in the order you list 
them. Within a macro routine, you note the first 
parameter as ¢1, the second parameter as ¢2, and so on. 
For example, line 69 in the macro listing contains the 
statement 


MOVE. W | 
#$5000+ (¢3<<7)+¢1,MC68881 + COMMAND 


which combines the third parameter (FPN), the first 
parameter (FUNCTION), and 5000,, to form a 68881 
command word of the form F<OP>.W <EA>,FPN 
(Fig 2). The assembler directive ¢3<<7 shifts the 
floating-point register’s address left by seven bits to 
align it properly in the 16-bit instruction. The 
MC68881+COMMAND operation sets up the absolute 
address for the 68881’s command register. In the 
MOVE.W command, the 68881’s base address is set to 
83800016, while the command register is preset in the 
chip at address 0Ajs. You can assign your 68881 chip a 
different address, but you can’t change the internal 
68881 register-address assignments. 

After combining the function and register informa- 
tion, the MEMREGW macro uses the second parame- 
ter (KA) in the command at line 73: 


MOVE.W ¢2,MC68881+OPER 


The MOVE.W command assembles an instruction that 
moves a data word from the effective address into the 
68881’s internal operand register. Again the assembler 
combines the 68881’s base address with the operand 
register’s address to generate the absolute memory 
address for the peripheral 68881 chip. 


Conditional assembly for some operations 


Because the assembler uses a comma to separate 
parameters, you can’t pass the indexed-register-indi- 
rect-with-offset parameter (d(An,Rn) or d(Pe,Rn)) di- 
rectly to the macro. If you try to do so, the assembler 
finds the comma between An (or Pc) and Rn and 
attempts to split the information into two parameters. 
To get the d(An,Rn) information to the macro, the 
software takes an indirect approach by using a condi- 
tional command in the macro routine and passing a 
fourth parameter to the macro. The IFC ’¢4’,” com- 
mand at line 68 in the MEMREGW macro lets the 
computer determine how to assemble the program 
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F-LINE TRAP 
ENTRY POINT 


ALL OTHER TYPES 


GENERAL TYPE 


MOVE MULTIPLE COPROCESSOR 


REGISTERS (DATA AND SYSTEM) 


FP REGISTER TO 
FP REGISTER 


MOVE-IN 
COPROCESSOR 
OPERATIONS 
MOVE-OUT 
COPROCESSOR 


OPERATIONS 


RETURN FROM 
EXCEPTION 





Fig 3—The F-line trap routine requires extra instructions to locate 
the coprocessor op code, decode it, and perform the control steps to 
emulate it. You'll also need to add routines if you want to be able to 
emulate 68881-to-memory (move-out) and multiple-register instruc- 
tions. 


a 
depending on whether or not you supply the fourth 
parameter. When you supply the fourth parameter, the 
macro’s instructions between lines 77 and 85 combine 
parameters 2 and 8 to reconstruct the effective address. 
The macro routine uses the command at line 82 to insert 
the comma between the parameters for proper assem- 
bly of the program. 
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Although the 68020 pP chip provides instructions 
that directly handle packed-BCD (P), double-precision 
(D), and extended-precision (X) data types—all of 
which require more than 32 bits—the 68000 doesn’t 
offer you these instructions. Upon detecting one of 
these three data types, have the macro assemble the 
necessary instructions that transfer the multiple words 
of data to the 68881 chip. 


Macros provide 68020 upgrade path 


When you transfer programs containing math macro 
routines to a 68020-based wC system, you must change 
the macros. For example, the following macro assem- 
bles a floating-point byte move-in routine: 

MEMREGB MACRO 
\1.B \2, \3 
ENDM 


By providing an FADD code for the first parameter, 
you tell the assembler you want an addition operation to 
take place in the 68881 chip. The .B notation indicates a 
byte operation. The second and third parameters repre- 
sent the effective-address and 68881 destination-regis- 
ter information. For assembly in a 68020 program, the 
macro call remains the same, but the internal macro 
program steps no longer generate long in-line pro- 
grams. Instead, the macro call 


MEMREGB FADD, D0,F'P0 


generates the proper coprocessor math instruction: 


FADD.B DO, FPO 

Although the macro approach provides software com- 
patibility when you transfer your math programs from 
a 68000- to a 68020-based computer, it doesn’t provide a 
perfect solution. Because the 68000 »P treats the 68881 
as a peripheral and the 68020 »P treats it as a coproces- 
sor, you'll have to modify the 68881 chip’s addresses 
within the macros. The modification involves changing 
the 68881 from a data-space to a CPU-space device in 
the 68020-based computer. You must also make the 
68000 math-operation macro library available to your 
software-development system. 

To maintain object-code compatibility when moving 
up to a 68020 CPU, consider using the F-line trap 
technique, which, as noted earlier, forces the 68000 
CPU into an exception state whenever it detects a 
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coprocessor op code. First, use the math coprocessor’s 
op codes in your program as if you were writing it for a 
68020 computer. Second, design the interface circuit so 
that the 68881 chip operates as a peripheral in the 68000 
supervisory program’s address space. 

You can use the F-line trap technique whether your 
68000-family computer provides user and supervisory 
address space or a combined address space, but you'll 
need different software for each (Fig 3 and Listings 2 
and 3, pg 184). When you separate the user and 
supervisor address spaces, the 68000 operates in the 
protected mode. In the unprotected mode, the comput- 
er allows you to access the user’s address space from 
within the supervisory program. The sample programs 
support all of the move-in transfer operations, but the 
routines don’t check for errors or exceptions. If you 
need these operations, you can add them after you're 
sure the basic routines operate properly. 

If you use the F-line trap routine to parse the 68881’s 
coprocessor instructions and to determine the address- 
ing mode, you'll slow the computer. To help overcome 
the overhead of fully decoding the addressing modes 
(ie, direct, indirect, indexed, displaced), the sample 
F-line trap routines let you use only the register- 
indirect addressing mode (A0). If you need more flex- 
ible addressing capabilities, load the effective address 
into the AO register with an LEA EA,A0 command 
before you execute a floating-point instruction. Keep in 
mind that the LEA instruction assumes its operand is 
in a data space when you use program-counter-relative 
(PC-relative) addressing in a computer system that 
divides address spaces. 

The F-line trap routines don’t check the response 
register’s contents for a null-come-again condition after 
they perform the final data transfer. The time the 
computer takes to execute a return-from-exception- 
condition (RTE) instruction is sufficient to ensure that 
no spurious protocol errors occur between sequential 
floating-point operations. | 


Listings show key program steps 

When you use the unprotected version of the F-line 
trap routine (Listing 3), the CPU detects coprocessor 
op codes and then goes into an exception state. While 
entering an exception state, the CPU saves the pro- 
gram counter’s contents and processor status informa- 
tion on the stack. The trap routine then uses the 
program-counter value (PC) to locate the coprocessor 
instruction that caused the exception condition. 

The trap routine compares the coprocessor op code 
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The 68881 lets you selectively enable or 
aisable individual exception bits so your 
software monitors only the ones you choose. 








TABLE 2—COMPARISON OF CLOCK-CYCLE 
REQUIREMENTS FOR MACRO AND 
_ F-LINE TRAP ROUTINES 


F-LINE SOFTWARE 


OPERATION (MC68881) | SOFTWARE | PROTECTED | UNPROTECTED 


F <op>.B <EA>, FPn_ 
F <op>.W <EA>, FPn 

F <op>.L <EA>, FPn 

F <op>.S <EA>, FPn 

F <op>.D <EA>, FPn 
F <op>.X <EA>, FPn 

F <op>.P <EA>; FPn 

F <op>.X FPm, FPn : 

FMOVECR #ccc, FPn 


<op>-= MOVE, ADD, SUB, ETC. 


with a 16-bit pattern at line 25 to test for the presence 
of a general-type op code. If the op code represents a 
general-type instruction and contains coprocessor ad- 
dress 1, the program fetches the coprocessor command 
word instruction from the address, (PC)+2, which 
follows the coprocessor op code. From lines 30 to 32, the 
trap routine loads the command word into the 68881’s 
command register and puts the CPU into a null-come- 
again loop until the 68881 is ready for the next opera- 
tion. | | eeu 

When the math chip is ready for the next command, 
the instructions at lines 33 and 34 dissect the command 
word to determine whether or not it requires multiple- 
register transfer operations. If such operations are 
needed, the routine branches to the GEN1XX location 
in the program. The sample program doesn’t include 
the steps for multiple data-transfer operations, which 
are beyond this article’s scope. 

The instruction at line 35 tests for a floating-point 
register-to-register operation, which doesn’t require 
any further operations in the trap routine. The instruc- 
tions at lines 37 and 38 transfer control to address 
GENO11 if the program detects an instruction that 
moves information from the 68881 chip to memory. The 
sample trap routines support only the memory-to-68881 
transfer operations, but you can use a similar trap 
routine to perform the 68881-to-memory data-transfer 
operations. The sample routine uses the ADD.W in- 
structions to double the D1 register’s value and set 
CPU flags. The addition has the effect of shifting the bit 
pattern one bit to the left. 

The trap routines support the long-word, packed- 
BCD, and double- and extended-precision math opera- 
tions (lines 54 to 56), and they handle both byte (lines 59 
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and 60) and word (lines 63 and 64) transfers. After the 
exception-trap routine transfers information to the 
math chip, it executes a return-from-exception instruc- 
tion and transfers control back to your main program. 
Each of the F-line trap routines includes steps that save 
your working registers at the start of the routine and 
then restore them after the routine finishes working 
with the math chip. 

Because the F-line trap technique lets you use your 
software directly with a 68881 wired as a 68020 coproc- 
essor, as well as with a 68881 wired as a peripheral for a 
68000 chip, the trap technique has an advantage over 
the macro software technique. If, however, you don’t 
plan to transfer your programs to a 68020 computer, 
you'll find that the macro routines run faster because 
they don’t have to interpret coprocessor instructions 
each time one occurs in your program (Table 2). EDN 
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LISTING 1 


ee eee eee eee eee eee ee eee ee eee eee ee ee 2 ee ee a ee 


*% 
*% 
*& 
% 
® 
® 
bad 
*® 
*& 


* 


MC68881 WORD IN MEMORY OR IN Dn TO FP-REG. OPERATION 
MEMREGW FUNCTION, <EA>,FPN 
WHERE: FUNCTION= FP INSTRUCTION MNEMONIC (I.E. FADD) 
<EA>= SOURCE ADDRESSING MODE 
FPN= DESTINATION REGISTER 
NO REGISTERS MODIFIED OR DESTROYED! 
VALID ADDRESSING MODES: 
DN, (AN), (AN)+, -(AN), DCAN), DCAN,IX) 
XXX.W, XXX.L, (D,PC), DCPC,IX) 


RKARRARKK KKK AKAN KAAARK KH SCKKAKKARKAKKCKRRKKRARRARHRHRRNRRRRKRRRRNRERR 


67 MEMREGW MACRO 
68 IFO. + Nar, ** IS <EA>=INDIRECT WITH INDEXING 
62 MOVE.W #$5000+(\3<<7) +\1,MC6881+COMMAND 

70 \@NULCA CMPI #88900,MC68881+RESPONSE READ RESPONSE REGISTER 

71 BEQ.S \@NULCA REREAD UNTIL EVAL EA AND 
72 * TRANSFER DATA 

73 MOVE.W \2,MC68881+OPER WORD DATA TO FP-REG. 

74 \G@NULREL TST.B MC68881+RESPONSE IS RESPONSE NULL RELEASE? 
75 BMI.S \@NULREL BRANCH UNTIL NULL RELEASE 
76 ENDC 

77 IFNC ’\4’,’” IS <EA> NOT=INDIRECT WITH INDEXING 
78 MOVE.W #$5000+(\4<<7) +\1,MC68881+COMMAND 

79 \GNULCA CMPI #88900,MC68881+RESPONSE READ RESPONSE REGISTER 

80 BEQ.S \@NULCA REREAD UNTIL EVAL EA AND 
81 * TRANSFER DATA 

82 MOVE.W \2,\3,MC68881+OPER WORD DATA TO FP REG. 

83 \GNULREL TST.B MC68881+RESPONSE IS RESPONSE NULL RELEASE? 
84 BMI.S \GNULREL BRANCH UNTIL NULL RELEASE 
85 ENDC 

86 ENDM 

LISTING 2 

eitittt hide eee SE CTE C STC CEL Se Se Te ee ee Te eee 

® 

* THIS CODE PERFORMS ONLY THE FUNCTION OF THE (AO) 

» MACRO EQUIVALENT! 

bd 

: naeeeMC68000 AND MC68010 UNPROTECTED VERSION««««* 

® 

* NO CHECKING IS DONE FOR ILLEGAL FORMAT ERRORS OR 

*  COPROCESSOR DETECTED 

* EXCEPTIONS! 

cd 

FHKKHEKHKE EEA EHH HHH ERR KH HH RERRRRRRRRHHRERRENE EMH 

12 NUMREGS EQU a NUMBER OF SAVED REGISTERS 

13 

44 

15 MC68881 EQU $838000 ADDRESS OF MC68881 

16 OPERAND EQU $10 MC68881 OPERAND REGISTER 

17 COMMAND EQU SOA MC68881 COMMAND REGISTER 

18 RESPONSE EQU S00 MC68881 RESPONSE REGISTER 

19 
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Continued on Pg 189 
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The fastest shot. 

How can AT&T make that kind of 
promise? Because AT&T offers you the 
first full 32-bit chip set with the perfor- 
mance you need. 

A system that can actually cut your 
design time in half—with chips, not smoke. 
Ready now with the world’s 
most complete 32-bit chip set. 

Check the schematic: AT&T is on board 
and ready to deliver the peripherals you 

need to meet your market window. It’s 
the only chip set with CMOS 

every step of the way—and full 

TT L-compatibility. 

The WE* 32100 Microprocessor is 
the heart of it. A second-generation —" ape presser - 
CPU backed by five years of AT&T ATEY Bell Laboresorias Gonsir tle things hea vent 
experience delivering 32-bit micropro- 






















cessors. And by extensive experience The Memory Management Unit The Direct Memory Access 
in application of those processorsto (MMU)isalsoa second-generation Controller (DMAC), a full 32-bit peri- 
systems. Its high-speed instruction | component. It has 4 gigabytes of pheral, delivers the highest-speed 
cache can store 64 32-bit words. _ physical and virtual address space; transfers in the industry—including 
lets you design on a paged and/or memory-to-memory and memory to- 
segmented basis; and includes on- and-from a separate 8-bit peripheral 
chip miss processing. bus. 

The Math Acceleration Unit (MAU) The Dynamic RAM Controller 
conducts single, double, and 80-bit (DRAMC) can be programmed to opti- 
floating point arithmetic at rates mize your memory speed to the system. 

exceeding one million Whetstone With AT&T's total architecture, 
instructions per second. It can, you won't waste time on glue logic, 
for example, add or subtract —_ your device count will be lowered, your 
in 1.4 microseconds. hardware design simplified. 
The MAU also per- And our system-wide CMOS 
forms 18-digit BCD means reduced power, less heat, 

arithmetic. And it greater device density, and fewer 

meets full IEEE headaches. Absolutely nothing to slow 


standards. your move from concept to product. 

Optimized for UNIX System V, 
from the people who invented it. 
One of the most important things 
AT&T gives you is a hardware assist 
for the world’s most productive 
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IN THE MARKET. 


ATI 32-Bit UNIX Microsystem. 


THE FASTEST SHOT 





yperating system: UNIX System V. 
Jur system architecture is designed 
o mirror in hardware the model of 

1 UNIX SystemV process. 

We've developed today’s most 
1ighly-optimized C language compiler, 
2=nsuring compact, high-performance 
2ode without manual optimization. 
Also available: compilers for high-level 
anguages such as FORTRAN, 
COBOL, Pascal and BASIC. To 
Keep you on the leading edge, the 
AT&T microsystem will continue to 
avolve with the UNIX SystemV 
standard. 

Performance that has 
first-in-the-markef’ 
written all over it. 
AT&T's 32-bit CPU isa 
high-performance 
microprocessor that 
gives you 2 to 3 MIPS at 
14 MHz. And at an 
unprecedented 18 MHz, 
you get up to four times the 
power of an equivalent VA X* 

Our floating point opera- 
tion speeds you along witha 
capability exceeding one million 
Whetstone instructions per second. 

Our Memory Management Unit 
means you won't be burdened with 
miss processing or referenced-bit and 
modified-bit updating—this and other 
routine memory management func- 
tions are all handled by the chip. 

Our Direct Memory Access 
Controller enables you to perform a 
memory-fill operation at a sizzling 
23.9 megabytes-per-second. 

Our Dynamic RAM Controller 
gives you two unique, performance- 
enhancing capabilities. It’s the only 










product. With complete data sheets, 
manuals and application notes. With 
training sessions and seminars to get 
you up to speed on the how-to's of 
32-bit development. 

Make your move now to the 
new AT&T 32-Bit UNIX Microsystem. 
We can’t guarantee you'll be first in the 
market. But we'll give you the fastest 
shot at it. 


DRAMC that supports double-word 
and quad-word memory fetches; the 
only one that can interface with a 
one-megabit DRAM. 

Add to all of that an AT&T Evalu- 
ation Board that’s today’s fastest way 
to benchmark against all other micro- 
processors. It features zero wait state 
memory, resident assembly-level 
debugger, and CPU and Memory Man- 
agement Unit with Math Acceleration 
Unit option. 

Maybe somebody else gives you 
some of these features, but nobody 
else is ready to give you all 
of them. Now. 

And nobody else matches 
AT&T's ongoing commitment 
to evolve and enhance system 
performance gracefully and 

compatibly. 
Our Development 
System puts time on 
your side. 

AT&T’s Development System 
incorporates in-circuit emulation of the 
CPU and Memory Management Unit. 
And because it performs high-level 
language debugging, you’ll know how | 
your program will work before you 





The right choice. 


Please rush me your Executive Briefing ye 
on the new AT&T 32-Bit UNIX™ Microsystem. 


Write: Joe McQuarrie, Sales Vice President, 
AT&T, 555 Union Blvd., Allentown, PA 18103 


Please include technical brochures for my design people. 








commit to production. rip 8 ee a oe dh | 
Our Software Generation Pro- 

grams operate with a UNIX SystemV | Re pen tama te ee | 

host—a high-level language program CAmnitanay oh eee | 

development environment. It provides | 4 aaress City 

compilers no other system can match. | 

Across-the-board design and aie ope ERS ree) 

development support. Designer | 

‘Support’ doesn’t really cover it. At | eS | 
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*VAX is a trademark of the Digital Equipment Corporation. 
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where you need it—from concept to 


Multibus “68000 
Single Board Computer 





128KB 68000 Multibus SBC priced as low 
as $777 each in OEM quantities of 250. 


Thanks to the great success you’ve given 
our OB68KIA, we have obtained quan- 
tity discounts on its components. This, 
coupled with recent overall price reduc- 
tions on RAM, peripheral, CPU and 
other chips allow us to pass these cost 
Savings On to you. 


We have been able to do this and still 
maintain our tough quality and reliability 
standards. These standards are so strin- 
gent that we give you a two year limited 
Wwarranty—the same warranty you have 
become accustomed to with Omnibyte 
board level products. In all the years this 
board has been manufactured: 


Over 99% of boards manufactured, 
never return because of product failure! 


*Multibus is a trademark of intel Corp. 


**MACSBUG and VERSABUG are trademarks of Motorola, Inc. 
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OB68KiA™ 


e Of the less than 1% that have been returned 
for repair . . .90% are checked, repaired, 
tested and sent back within 24-48 hours. 


This is proof of Omnibyte’s commit- 
ment to support you with quality and 
service! And just look at the advanced 
features you get with the OB68KIA: 


e 1OMHz 68000 16/32 BIT CPU 

e 32K/128K/512K-bytes of dual-ported 
zero-wait-state on-board RAM 

e Up to 192K-bytes of EPROM 

e (2) RS232C serial ports 

e (2)16-BIT parallel ports 

e (5) 16-BIT timer/counters 

e (7) prioritized-vectored interrupts 

e Directly address 16M-bytes. 

e [EEE-796 (MULTIBUS)* compatible 
(MASTER D16 M24 116 VOL/SLAVE 
D16 M24) 


CIRCLE NO 91 


e Low noise multilayer design 
e¢ Omnibyte two year limited warranty 
e And more! 


SOFTWARE SUPPORT 

A variety of software packages are avail- 
able for the OB68KIA. They range from 
the option VERSABUG* * or MACS- 
BUG** monitor/debuggers to Realtime 
Executive and Target Operating Systems 
in silicon. 

The OB68KIA has been used successfully 
in thousands of applications such as: 
process control, computer typesetting and 
data acquisition. To learn more about the 
features of this board—its new low pricing 
structure and to obtain a free data sheet, 
call our Marketing Manager, Peter 
Czuchra today. A detailed technical 
manual is also available for $10.00 


20 * FLINE ENTERS HERE... 


21 FLINE MOVE.L A1l,-(SP) SAVE Al 

22 MOVE.L D1,-(SP) SAVE Dl 

aa MOVE.L NUMREGS#4+2(S5SP),A1 A1=USER PC 

24 MOVE .W (A1)+,D1 Di = OPCODE WORD 

29 CMP .W #%1111001001000000,Di 7? CPID=1 AND GENERAL TYPE 
26 BHS NOTGEN BR IF NEITHER 

27 

28 * GENERAL INSTRUCTION 

Per, MOVE .W (A1)+,D1 D1 = CP COMMAND WORD 

30 MOVE.W D1,MC68881+COMMAND PASS TO ’881 

31 FGENWAIT CMP.W #988900,MC68881+RESPONSE 7? IS 881 BUSY 
32 BEQ FGENWAIT LOOP IF SO TILL ITS READY 
33 ADD.W D1,D1 BREAK DOWN HIGH TWO BITS 
34 BCS GEN1XX BR SPECIAL MOVES 

35 BPL GENOOX BR REG-REG (MUST BE O00) 
36 

37 ADD.W D1,D1 TST “NEXT Bit 

38 BMI GENO11 BR REG-MEM 

39 

40 «= IS A MOVE IN GENERAL INSTRUCTION CINCLUDING FMOVECR) 
41 ROL.W #5,D1 SHIFT TYPE INTO WORD ACCESS POSITION 
42 AND.W #S000E,D1 ISOLATE JUST TYPE FIELD*2 
43 MOVE .W SIZETBL(D1.W),D1 OBTAIN SPECIAL TRANSFER SIZE CODE 
44 BMI.S GENTSPC BR IF IS NONE, BYTE, OR WORD 
45 

46 » TRANSFER THE COUNT OF LONGWORDS 

47 MOVE.L AO,-(SP) SAVE USER’S Ao 

48 GENTINL MOVE.L (AO) +,MC68881+DATA NEXT WORD IN 
49 DBRA D1,GENTINL LOOP TILL DONE 

30 MOVE.L (SP)+, AO RESTORE SAVED REGISTER 

S4 BRA FINI EXIT AS WE ARE DONE 

S2 

53 * SPECIAL COUNT OF NONE (FMOVECR), BYTE OR WORD 

54 GENTSPC ADD.B #2,D1 OFFSET TO -1,0,+1 

35 BMI.S GENTW BR WORD TRANSFER 

36 BNE.S FINI BR FMOVECR (NO TRANSFER) 
37 

58 * MOVE BYTE IN 

39 MOVE.B (AO) ,MC68881+DATA STORE BYTE 

60 BRA FINI EXIT 

61 

62 * MOVE WORD IN 

63 GENTW MOVE.W (AO) ,MC68881+DATA STORE WORD 

64 BRA FINI EXIT 

65 


66 * SIZE TABLE-LONGWORDS TO COPY EXCEPT FOR NONE=-1 BYTE=-2 WORD=-3 
67 SIZETBL DC.W 0 oL 


68 DC .W 0 -S 

69 DC.W ps -X 

70 DC .W 2 oP 

71 DC.W -3 Ww 

72 DC.W 1 -D 

73 DC.W <-2 ~B 

74 DC.W -1 FMOVECR ‘NONE) 

7S 

76 * UPDATE PC AND RETURN TO CALLER 

77 FINI MOVE.L A1,NUMREGS#4+2(SP) SAVE SCAN PC 
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* UNILLUSTRATED CODE HANDLERS 


78 MOVE.L 
79 MOVE.L 
80 RTE 

81 

82 

83 GENO11 EQU) »* 
84 GENOOX EQU) * 
85 GENiXX EQU) « 
86 NOTGEN EQU-) »* 
87 

88 END 
LISTING 3 


(SP)+,Di1 
(SP)+,A1 


RESTORE WORK 
REGISTERS 
RETURN TO INVOKER 


lied t tt tee eee eee eee eee eee Eee Se SS Se eee eT S SSS SS 2. 2) 2 ee 


sek ee KH HR DM 


sf 


THIS CODE PERFORMS ONLY THE FUNCTION OF THE (AO) 
MACRO EQUIVALENT! 


eeaeeeNC68010 PROTECTED VERSION«««2 


NO CHECKING IS DONE FOR ILLEGAL FORMAT ERRORS OR 
COPROCESSOR DETECTED EXCEPTIONS! 


it he eee ee eee eee ee ee eee See eS SSeS ESS Se SS eS ee ee 2 2 


+4 
12 


NUMREGS EQU 2 NUMBER OF SAVED REGISTERS 
UPAS EQU 2 USER PROGRAM FUNCTION CODE VALUE 
UDAS EQU 1 USER DATA FUNCTION CODE VALUE 
MC68881 EQU 3838000 ADDRESS OF MC68881 
OPERAND EQU $10 MC68881 OPERAND REGISTER 
COMMAND EQU SOA MC68881 COMMAND REGISTER 
RESPONSE EQU 300 MC68881 RESPONSE REGISTER 

ORG 32000 
* FLINE ENTERS HERE... 
FLINE MOVE .L Al,- (SP) SAVE Al 

MOVE.L D1,-(SP) SAVE D1 

MOVE.L NUMREGS#4+2(SP),A1 A1=USER PC 

MOVE.L #UPAS,D1 SET UP 

MOVEC D1,SFC USER PROGRAM ACCESS 

MOVE.L #UDAS,D1 SET UP 

MOVEC D1,DFC USER DATA ACCESS 

MOVES.W (A1)+,D1 D1 = OPCODE WORD 

CMP .W #%1111001001000000,D1 ? CPID=1 AND GENERAL TYPE 

BHS NOTGEN BR IF NIETHER 
* GENERAL INSTRUCTION 

MOVES.W (A1)+,D1 Dl = CP COMMAND WORD 

MOVE .W D1,MC68881+COMMAND PASS TO ’881 
FGENWAIT CMP.W #38900,MC68881+RESPONSE ? IS 881 BUSY 

BEQ FGENWAIT LOOP IF SO TILL ITS READY 

ADD.W D1,D1 BREAK DOWN HIGH TWO BITS 

BCS GEN1XX BR SPECIAL MOVES 

BPL GENOOX BR REG-REG (MUST BE OOO) 

ADD.W D1,D1 TST NEXT BIT 

BMI GENO1i1 BR REG-MEM 
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ARX 18553 Miniature 
Transceiver 


The world’s smallest 
transceiver for use in 
MIL-STD- 1553Aand B 
data transmission sys- 
tems. It includes all the 
features characteristic 
of other Aeroflex trans- 
ceivers in a hermetically 
sealed 18 pin double 
DIP case. 


ARX 2432 Remote 
Terminal Unit 


A complete dual re- 
dundant MIL-STD-1553B 
remote terminal (RTU) 
ina2.1 by 1.9 in. hybrid 
package. It includes 
dual transceivers, wrap 
around test capability, 
handles all mode codes 
plus broadcast and 
interfaces to subsystem 
via bidirectional 32 word 
FIFO memory. 


ARX 1555LP Bit 
Processor 


Low power version of 
ARX 1555 Bit Processor 
provides improved 
response times, higher 
reliability and lower 
power consumption 
without reduction in 
digital load. driving 
capability. Features 
encoder, decoder, wrap 
around self-test capa- 
bility, fail safe time out 
and address recognition. 





we 


‘ 


WSS 


= 
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ARX 3232 Multi-Bus 
Transceiver 


Suitable for use in 
McDonnell Douglas 
(MACAIR) data trans- 
missions systems as well 
as MIL-STD-1553A and 
B. Enhancements include 
active filter in driver 
for sinusoid waveform, 
high efficiency low 
power consumption 
voltage output driver, 
vey low dynamic offset 
and low differential 
phase delay. 


ARX 8553 Transceiver 


Our worldwide best 
seller is suitable for 
MIL-STD-1553A and B 
data transmission sys- 
tems. Receiver has multi- 
pole low pass filter to 
enhance S/N ratio and 
tight threshold control 
to meet noise test 
requirements. The high 
efficiency driver con- 
sumes less power. 


ARX 28553 Dual 
Redundant Transceiver 
Two completely isolated 
transceivers in one. Low 
power consumption, 
improved filtering and 
short circuit protection. 


For MIL-STD-1553A & 


B applications requiring 
dual redundancy in 
small space. 


Aeroflex’s Data Bus Signal Processing Hybrids. 


South Service Road 
Plainview, NY 11803 


CIRCLE NO 92 


Tel: (516) 694-6700 
TWX: 510-224-6417 


Laboratories Inc. 
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* IS A MOVE IN GENERAL INSTRUCTION (INCLUDING FMOVECR) 
ROL .W #5,D1 SHIFT TYPE INTO WORD ACCESS POSITION 
AND.W #S000E,D1 ISOLATE JUST TYPE FIELD#2 
MOVE .W SIZETBL(D1.W),D1 OBTAIN SPECIAL TRANSFER SIZE CODE 
BMI.S GENTSPC BR IF IS NONE, BYTE, OR WORD 


* TRANSFER THE COUNT OF LONGWORDS 


MOVEM.L D2/A0,-(SP) SAVE USER’S AO AND A WORK REGISTER 
GENTINL MOVES.L (AO)+,D2 NEXT WORD IN 
MOVE.L D2,MC68881+DATA NEXT WORD OUT 
DBRA D1,GENTINL LOOP TILL DONE 
MOVEM.L (SP)+,D2/A0 RESTORE SAVED REGISTERS 
BRA FINI EXIT AS WE ARE DONE 
* SPECIAL COUNT OF NONE (FMOVECR), BYTE OR WORD 
GENTSPC ADD.B #2,D1 OFFSET: TO" ~1,0; 42 
BMI.S GENTW BR WORD TRANSFER 
BNE.S FINI BR FMOVECR (NO TRANSFER) 
*« MOVE BYTE IN 
MOVES.B ¢(AO),D1 LOAD BYTE 
MOVE .B D1,MC68881+DATA STORE BYTE 
BRA FINI EXIT 
* MOVE WORD IN 
GENTW MOVES.W (AO),D1 LOAD WORD 
MOVE .W D1,MC68881+DATA STORE WORD 
BRA FINI EXIT 
* SIZE TABLE-LONGWORDS TO COPY EXCEPT FOR NONE=-1 BYTE=-2 WORD=-3 


SIZETBL DC.W 6) oL 
DC.W 0 -S 
DC.W 4 oX 
DC.W 2 oP 
DC.W -3 oW 
DC.W i -D 
DC.W -2 ~B 
DC.W -1 FMOVECR (NONE) 


* UPDATE PC AND RETURN TO CALLER 

FINI MOVE.L Al,NUMREGS#4+2(SP) SAVE SCAN PC 
MOVE.L (SP)+,D1 RESTORE WORK 
MOVE.L (SP)+,Al1 REGISTERS 
RTE RETURN TO INVOKER 


* UNILLUSTRATED CODE HANDLERS 
GENO11 £=EQU 
GEN1XX EQU 
GENOOX EQU 
NOTGEN EQU 


x e& w 


END 
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New 39C00 family! 


Replace 2901Cs, 2910As with 
high-performance CMOS 





Introducing drop-in replace- cool, pin-compatible and functionally Pane CONSUME TION 
ments for the 2901C 4-bit equivalent device. aa 
: . Use the pin-compatible IDT39C10B 18. 
eg ‘pean slice and 12-bit sequencer to replace the 2910A iB 
9 12-bit sequencer. and gain the performance and flexibility e 
: f a 33-deep stack. aA 
Same speed and output drive a 
at Aas power oe Our advanced CEMOS™ II 1.2um 12) 
ene technology makes possible this unique PMAX 19. 
You now have a choice—bipolar 2900 or (W) : 


IDT’s new 39C00 MICROSLICE™ family combination of high-performance and 





: low-power. 
using the same Instruction set as the weet 
res 2900 bipolar devices. Availability. Both commercial and 
Use the IDT39C01C 4-bit micro- military product from stock packaged as 


processor slice to replace the 2901C witha 747PIN LCCs and 40-pin DIPs. 


same-speed, equal-output drive, CMOS BIPOLAR IDT BIPOLAR IDT 


2901C 1 39C01C 2910A 39C10B 


New 49C000 family! 


Innovative bit-slice 
architectures 





The world’s biggest 2910A. The new force in bit-slice micro- 
DATA IN IDT49C410 processor products. 
IDT’s 49C000 CEMOS MICROSLICE a 16-BIT SEQUENCER You know us as the leaders in high- 


family sets a new standard in 


indai speed CMOS. You know we deliver 
high-performance bit-slice micro- 33-WORD x i6-BIT a product that does everything we 
processor products. STACK say and more. Now look for an entire 





Extending the features of bit-slice 
to make possible more advanced 
designs. Providing architectural 
advancements and higher levels of 
integration. 


family of CEMOS MICROSLICE. 
Including IDT39C00 drop-in CEMOS 
replacements for the most popular 
bit-slice parts. And IDT49C000 
products with increased levels of 


Think of the IDT49C410 16-bit integration, new features and archi- 


f tectural innovations only achievable 
sequencer as an expanded version 
of the 2910. The IDT49C410 brings TO 64K MICROPROGRAM MEMORY ES ered de wees 


about an immediate improvement in ve Y clean He second Sere 80n 
of bit-slice microprocessor products. 





your overall system performance by pro- Availability. Commercial and mili- 

viding a 16-bit address path—addressing tary product from stock. . i 

64K of microcode—plus a 33-deep stack 50% reduction in board space. , May “e be a omer ; Call us 
and a 16-bit loop counter. Using the same Upgrades are easy with our pin com- Sb er ae mtg edit erte 912 SERay 


| f high- 
patible DIPs. Drop in the standard Se ets SNA spe leis 


600 mil 48-pin or cut board 
space in half with the space 
ij saving 400 mil wide DIP 
~ with 70 mil pin centers. Our i Leading the CMOS Future 


48-pin LCC provides even 
reater density. Integrated 
Device Technology 


SRAMs, DSP Logic, Subsystems 


3236 Scott Boulevard 
Santa Clara, CA 95054-3090 


CEMOS and MICROSLICE are trademarks of Integrated (408) TeT- 61 1 6 


Device Technology, Inc. TWX 91 0-338-2070 
CIRCLE NO 93 


microcode instruction set and operation 
codes you run on the 2910A. 
Low dynamic power 

consumption. 85mA 
maximum com- 
mercial, 105mA 

maximum <4 
military. 
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A Designer’s Guide to: 


Semicustom | 
Integrated. Circuits 
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Designer’s Guide to: 
Floating-point processing—Part 2 


Floating-point array 





PLOCESsOr 


computation 








Powerful math-processing chips configured with high- 
speed memories and controllers form the core of a 
floating-point math or array processor for small 
computers. This second part of EDN’s 3-part float- 
ing-point math series discusses the tradeoffs you 
must make to add flexibility and speed to array- 
processor designs. 





Robert M Perlman, Advanced Micro Devices 


For such jobs as digital-signal processing, image pro- 
cessing, graphics, and scientific calculations, an array 
processor can take over repetitive arithmetic chores 
while your host computer performs control tasks and 
retrieves information. By employing a floating-point 
array processor, you also increase the math-processing 
power of your computer system. 

The basic array-processor design (Fig 1) contains an 
arithmetic unit, a controller, data memory, program 
memory, and a host interface (see box, “Array pro- 
cessor vs general-purpose computer”). If you use newer 
control, memory, and math chips, you ean fit the circuit 
on a single pe board. This array-processor design uses 
an Am29325 floating-point processor chip, which oper- 
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WNproves 


power 


ates with either IEEE- or DEC-standard single-preci- 
sion data. The chip performs single-cycle floating-point 
additions, subtractions, multiplications, and format 
conversions at an 8-MHz clock frequency. 

Because the Am29325 chip contains a floating-point 
arithmetic unit (AU), three 32-bit registers, two data 
buses, and two data-selection multiplexers, you need 
only a small amount of external hardware to design a 
complete math- or array-processor circuit. In the 
array-processor design, the Am29325 receives oper- 
ands from two high-speed memories. An 8k X82-bit 
RAM provides input data for your algorithms, and it 
stores intermediate and final results. An 8kx32-bit 
PROM provides constant values for the algorithms. 

Although you can design a circuit that specifically 
controls the math chip and its associated memory chips, 
you'll find an equivalent circuit in the 2910A micropro- 
grammable controller chip. The 2910A chip is a general- 
purpose controller; it’s not dedicated to controlling the 
Am29325. The controller chip contains a program 
counter, a loop counter, a LIFO stack, and other 
circuits that access program instructions and control 
the array processor in the basic design. The controller 
provides an 11-bit address for the design’s 2kx64-bit 
microprogram memory, which contains the instructions 
for your algorithms. Each algorithm instruction con- 
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re seen 





A basi array processor speeds math opera- 
tions by performing repetitive tasks quickly. 


tains 64 bits that the circuit divides into seven groups of 
outputs: 

@ 11 jump address bits 
one address and write-enable multiplexer bit 
one write-enable control bit 
13 RAM-address bits 
13 PROM-address bits 
24 miscellaneous control bits 
one interrupt-control line. 

The microprogram memory routes its outputs 
through an internal register and then to the rest of the 
array-processing hardware. Although it may not be 
obvious, the register at the microprogram memory’s 
output helps maintain high-speed data processing. By 
using a clocked register to hold the memory’s output 
bits, the controller latches a 64-bit instruction while it 


HOST PROCESSOR BUS 


ADDRESS __ DATA CONTROL CLR INT INT 






MICROPROGRAM 
CONTROLLER 
(Am2910A) 


2k x 64-BIT 
MICROPROGRAM 
MEMORY 





MISC 
SIGNALS 


CLOCK 
SIGNALS 


CLOCK 
GENERATOR 





CONTROL 


addresses the microprogram memory for the next 
instruction. The memory’s output register therefore 
permits the overlap of the instruction-fetch and -exe- 
cute operations, which saves processing time. 

Because it holds information for a pending operation, 
the microprogram memory’s output register is often 
referred to as a pipeline register. Array processors can 
contain a series of pipeline registers, the number of 
which depends on the architecture of the array pro- 
cessor and the maximum processing speed you need. 


Host interface links processors 


You must carefully choose your host-computer inter- 
face circuits according to the type of system bus in your 
computer. You can accommodate most general-purpose 
computers by providing bus buffers for the address, 







ADDR 







“ADDR 


8k x 32-BIT 
DATA RAM 





8k <32-BIT 
DATA PROM 












DATA 1/0 DATA OUT 

















(Am29325) 
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Fig 1—The Am29325 floating-point processor used in this design adheres to IEEE and DEC floating-point standards. 
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TABLE 1— 
BENCHMARK EXECUTION TIMES 


OPERATION EXECUTION TIME 
1.125 pSEC © 


5-TAP FIR FILTER 
RADIX-2 FFT BUTTERFLY 


1.25 »SEC 
1.0 »SEC 
14.0 »SEC 


4x1 MATRIX ADDITION 
4x4 MATRIX MULTIPLICATION 


data, and control lines. You'll also need a smal] amount 
of control logic to manage the flow of information to and 
from the array processor and the host computer. For 
example, you can construct a Multibus interface by 
using octal bus buffers and PAL chips. If your host 
computer’s data bus contains fewer than 32 data bits, 
you'll need to convert the data to and from the 32-bit 
format that the array processor requires. You can 
include double-buffer latch circuits for the data inputs 
to the array processor, and you can provide latches and 
multiplexers on the processor’s data-output lines. 

The host computer’s data bus provides the main link 
between the host and the array processor. Your com- 
puter starts a math operation by loading the RAM with 
raw data and then signaling the array processor to 
start a math-processing algorithm. After the processor 
runs an algorithm program, your host computer reads 
the RAM’s contents to obtain the results. 

To simplify the data-transfer operations to and from 
the host computer, the array processor goes into an 
idle, or standby, state when it isn’t running an algo- 
rithm program. Instead of controlling the processor's 
data and control lines, the microprogram controller 
continuously runs a 1-microinstruction program loop. 
In addition, the idle microinstruction switches the 
RAM’s address and write-enable multiplexers so that 
the RAM appears to be part of the host computer's 
main memory. The host computer loads the desired 
input data into the data RAM, and it then loads the 
microprogram controller with the starting address of 
the algorithm you want to run. The microprogram 
controller then jumps to the preprogrammed sequence 
of microinstructions for the algorithm. The algorithm’s 
first microinstruction reconfigures the data RAM so 
that only the array processor can address it. When the 
algorithm completes its tasks, it sends an interrupt 
signal to the host processor, switches the data RAM 
back to the host, and executes the 1-instruction standby 
loop. 

Once you’re sure the array processor is operating 
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properly, you can test the operating speed of your 
circuit by using benchmark programs tailored to specif- 
ic tasks (Table 1). The benchmark times were calcu- 
lated for the array processor with an 8-MHz clock 
frequency. The basic processor performs one data- 
RAM operation (read or write) per clock cycle. 


Modifications improve performance 

Although the basic array-processor circuit works 
well, you can improve its performance. The ability to 
take data addresses directly from the program memory 
in the simple array processor means that the program 
memory must contain a section of microcode for each 
iteration of an algorithm. For example, a program that 
performs 20 matrix multiplications contains a separate 
section of microprogram code for each multiplication 


PROGRAM 


< MEMORY es 
ITERATION 
1 
ITERATION 
2 
ITERATION 
3 


Wes 


DATA 
ADDRESSE 
= ITERATION 
N ; 
‘a DATA 
ADDRESSES 


(a) a 2 (b) 


PROGRAM 
MEMORY 


ITERATION 
- 


,_ REPEAT 
N TIMES 





Fig 2—You can implement the program memory in two ways: 
Either you can include steps for each iteration of your algorithm (a), 
or you can add an address-generator circuit (b) that lets you use only 
one section of code for all iterations. The address generator locates 
specific values and coefficients in memory automatically. 


step. Each code section contains specific addresses for 
data and coefficients (Fig 2a). The in-line coding ap- 
proach therefore wastes program-memory space. 

One improvement found in virtually every array 
processor is a data-address-generator circuit that gen- 
erates the necessary data and coefficient addresses 
within the array processor. The address-generator 
hardware reduces the amount of microprogram memo- 
ry you'll need for an algorithm, By using such hard- 
ware, the processor performs multiple iterations of an 
operation by looping through the same section of micro- 
code as many times as necessary (Fig 2b). 

Depending on your specific tasks, you can choose a 
data-address generator that fits a specific algorithm, 
such as the fast Fourier transform (FFT), or you can 
choose a general-purpose addressing device. Some 


Text continues on pg 200 
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Array processor vs general-purpose computer 


To understand better what an 
array processor does, consider 
first the strengths and short- 
comings of general-purpose com- 
puters. General-purpose comput- 
ers incorporate the standard Von 
Neumann architecture and per- 
form a variety of tasks. Such © 
computers perform instruction- 
fetch and instruction-execution 
tasks sequentially, with instruc- 
tions and data available in one 
memory array (Fig A). 

Consider the calculation of the 
sum of products, a common task 
in signal-processing and matrix- 
manipulation algorithms. The 

_ basic sum-of-products equation is 


N 
Y= > k;x,, 
* j=] 


where k; and x; represent coeffi- 
cients and data stored in memo- 
ry, respectively. The sum-of- 

products computation represents 
a large class of array-processing 


problems that share three funda-. 


mental characteristics: First, 


they involve repetitive computa- : 


tions on arrays of data. Second, | 
the underlying control structure 
is simple, having many loops. but 

- no conditional branches. Third, 
the math steps are memory-in- 
tensive—each calculation re- 
quires one data point and one 
constant from memory. 

To evaluate a product term, 
the computer fetches x; and k,, 
multiplies them, and then adds — 
the result to ie running total. 
Kach step requires an instruc- 
tion-fetch 2a and an instruc 
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Fig A—A general-purpose computer memory stores instructions and data in the same 
block. The computer must access instruction and data values sequentially. 


tion-execution cycle. Although 
specific details vary from com- 
puter to computer, in general 
even primitive math operations 
require many cycles. | 


Overlapping operation 
Traditionally, Von Neumann- 
type computers perform each 
step sequentially. Array pro- 
cessors, however, provide a de- 


gree of parallelism by doing 
_ more than one thing at a time. 


When data and program steps 
reside in separate memories—an 
arrangement that fits the Har- 
vard-architecture model—in- 
struction- and data-fetch opera- 


tions can overlap (Fig B). In the 


ease of the sum-of-products op- 
eration, the array processor 
fetches the input operands at the 


same time that it fetches the in- 


struction that performs the mul- 
tiplication. Most array proces- 
sors also overlap instruction- 
fetch and instruction-execution 
operations. — 

For higtoy ue. math-in- 
tensive algorithms, the overlap- 


ping results in high-speed opera- 


tion, but such operation can be 


inefficient when the algorithn _ 
includes conditional branches. Tf, f / 


for example, a program calls for 
a conditional branch to another 
instruction, the instruction fol- = 
lowing the branch instruction 
may be in the instruction queue. 
If it is in the queue, the comput- 
er discards it. Array processors 
are therefore best suited to the 
many number-crunching algo- 
rithms that require little or no 
conditional branching. 
Because array processors pro- 
vide parallel operation, you can 
optimize them for a specific _ 
math process. For example, an 


array processor designed for a 

| sum-of-products. operation may — 
contain a multiplier and adder 
circuit, which evaluates a prod- a. 






uct term i in one cycle. Because - 

array processors perform paral- 

lel operations, programming the 
processors is more demanding 

than programming a general- 

purpose computer. However, the 
resulting increase in computa- 

tional power often justifies the - 
additional programming effort. 

Instead of programming in Basic 

or in assembly language, you'll  —s> 
use a microcode that controlsin- 
dividual circuits and operations __ 


_ in the array processor. — - 
ee ee is pre - 
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ing, it gives you complete con- 
trol of the array processor's in- 
: ternal operations. 


; pic functional biccke 


_ Array processors typically re- 
_ ne data and instructions from 
a host machine—usually a 
general-purpose computer. Al- 
though specific array-processor 


architectures vary greatly, most — 


_ processors contain at least five © 

___ funetional blocks: an arithmetic 
unit, data memory, a controller, 
___ program memory, and a host 

interface. 
_ The heart of the processor is 
the arithmetic unit, which con- 
trols the data paths and per- 

- - forms arithmetic operations. De- 
pending on your application, the 
_ arithmetic unit performs fixed- 

| pont operations, floating-point 

operations, or both. For some — 
high-speed, real-time applica- 
tions, such as radar- and video- 

___ information processing, array 

processors operate on 12-, 16-, 

or 24-bit fixed-point data. How- 


_ ever, the trend i is toward 32-bit - 


floating-point data processing. 
The data-memory—usually 

banks of high-speed RAM or 

PROM—supplies operands to the 


arithmetic unit and stores re- 
sults from the arithmetic unit. 


The data memory can have mul- 
tiple data ports, depending on 
how fast the memory chips must 
supply operands and accept re- - 
sults. If it doesn’t have enough 

ports or enough speed, the data 


_ memory can become a process- 


ing bottleneck, leaving the arith- 


metic unit starved for operands. 


Controller is simple 
The controller sequences the 
array processor through its op- 


erations. Because most array- 
processing algorithms have mod- 
_ry’s bit width. For example,a 

60-bit-wide program memory 


est sequencing requirements, 


the controller isn’t complex. — 
- Controllers provide a program 


counter (PC) that you increment 
to access the next program- 


-memory word. You can also load 


the PC with the program memo- 


ry’s output to force the control- © 
ler to jump to a different part of 





‘Fig B—An array processor’s memory provides separate storage blocks for instruc- 
tions and data. The separate storage areas let the control circuits access instructions 


. - | and data m — 
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the program. The controller in- 


cludes a loop counter, which , 
counts repeated operations. De- 
_ pending on the array processor’s 


sophistication, the controller 
may incorporate circuits that 
control nested subroutines, in- 
terrupts, and conditional-branch _ 


operations. 


The program memory stores 


the array processor’s microcode, . 


which controls the other pro- 


cessor elements. Like the data © 


memory, the program memory > 


canbe RAM or PROM. Use 
~ PROMs when the algorithms are _ 


well-defined and unlikely to 


change. Use RAM during an _ 
rithm development. The re- 


sources in the array processor 
determine the microcode memo- _ 


provides 30 bits that control : : 
arithmetic unit, 15 bits that = 


_ transfer information to the con-_ 


troller (including a 12-bit jump 


address), and 15 bits that control : 
_ other internal array processo: | 


resources. : 
The host interface praia 
data and instructions between — 
the host computer and the array 
processor—usually by DMA op- | 
erations. The host ona _ 
sends the array processor a 
block of data and an instruction 
word that selects a processing — 
algorithm. After processing ie 
data, the array processor trans- 
fers the results to the host 
computer. 
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An array processor can include pipeline reg- 
isters that let the circuit overlap tasks. 





DATA MEMORY 


6-PORT RAM 
Fy ee OR oer Mn ee ae ee ee en ee ee ee q 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| 64 x 32-BIT 64 x 32-BIT | 
| 4-PORT RAM 4-PORT RAM | 
| (2 Am29334s) (2 Am29334s) | 
| | 








Am29325 Am29325 L 


Fig 3—A 6-port RAM speeds data transfers so that two math- 
processor chips can operate independently. The chips can process 
data from the memory or from one another. 


array processors provide both a general-purpose and a 
dedicated address-generator circuit. You'll find sepa- 
rate address generators for data and coefficient memo- 
ries in array processors that provide extremely high 
processing speeds. 

An address generator reduces the size of your array 
processor’s program memory, and it increases the 
processor’s speed. To increase processing speed fur- 
ther, consider adding arithmetic hardware to your 
design so the processor can do several computations in 
parallel. In the basic array-processor design, the arith- 
metic unit performs one operation at a time—for exam- 
ple, sums of products, which involve alternate addition 
and multiplication operations. The array processor per- 
forms the multiplication and addition operations se- 
quentially. | 

The throughput of the basic array processor is 250 
nsec per floating-point product term; to increase that 
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speed you can gang two 29325 floating-point math 
processors (Fig 3). The processors communicate 
through a 6-port RAM. When the circuit incorporates a 
multiport RAM, the floating-point processors can each 
access two input operands and store one result during 
each clock cycle. Because data produced by one float- 
ing-point processor is accessible to the other, you can 
double the processing speed for such algorithms as 
sum-of-products: One processor produces product 
terms, while the other processor sums and accumulates 
them. Of course, you can choose other math-chip config- 
urations that better suit specific array-processing 
tasks. Keep in mind, however, that although you gain 
higher-speed operations by providing parallel math 
chips, your programming tasks grow. Coordinating the 
software operations of several parallel math chips can 
be difficult. 


Memory expansion increases throughput 


When you upgrade the arithmetic unit by adding 
parallel math chips, you must improve the data memory 
as well. The data-memory configuration in the basic 
array processor limits processing speed because the 
processor only accesses one constant and only performs 
one RAM-read or -write operation per clock cycle. To 
let the array processor perform operations that require 
two operands from RAM in the same cycle, or that 
require RAM-read and -write operations during the 
same cycle, you must upgrade the memory. Possible 
enhancements include converting the coefficient PROM 
to high-speed RAM, running the data RAM at twice 
the processor’s speed to allow single-cycle reading and 
writing, or replacing the data RAM with a 2-port 
RAM. 

In addition to high processing speeds, some applica- 
tions may require rapid data transfers between the 
array processor and the host computer. There are at 
least two ways of speeding the transfer of data from the 
host to the array processor. First, you can replace the 
array processor’s data RAM with a 2-section memory 
(Fig 4) that gives the host computer access to one 
section while the array processor uses the other. When 
the array processor completes its task, it switches 
between the buffers. The host obtains the results from 
the array processor’s old buffer, while the processor 
operates with the data in the host’s old buffer. The host 
computer’s and the array processor’s operations are no 
longer sequential; instead, they overlap. You’ll have to 
pay careful attention to the manner in which the array 
processor controls the 2-section memory, because you 
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Type T912/1914 Ultra-Precision Resistor Networks 
from CADDOCK provide Ratio TCs to 2 PPM/°C and Ratio 
Tolerances to +0.01% for precision analog designs. 





Type 1912 Ultra-Precision Resistor Network ‘Pairs’ 


Type 1912 / T914 Ultra-Precision 


Resistor Networks are 
constructed with Caddock’s 
Tetrinox™ resistance films 

to achieve all of these high 
performance characteristics: 


e Absolute Tolerance: 0.1% for all resistors. 
° Ratio Tolerances: From +0.1% to +0.01%. 


e Ratio Temperature Coefficients: From 
10 PPM/°C to 2 PPM/°C. 


¢ Absolute Temperature Coefficient: +25 PPM/°C 
from 0°C to +70°C, referenced to +25°C. 


¢ Ratio Stability of Resistance at Full Load for 
2000 Hours: Within +0.01%. 


e Shelf Life Stability of Ratio for Six Months: 
Within +0.005%. 


This exceptional combination of performance 
specifications - and the compact, plug-in config- 
uration of the Type T912/T914 precision resistor 
‘pairs’ and ‘quads’ - provide the single-package 





matched resistor characteristics and stability required 
by high-accuracy analog circuits, including - 

e Precision analog amplifiers. 

e Voltage reference circuits. 

e Instrumentation bridge circuits. 

¢ Voltage and current comparison circuits. 


Type 1914 Ultra-Precision Resistor Network ‘Quads’ 


Standard models of Type 1912 / 1914 precision resistor ‘pairs’ 
and ‘quads’ include 14 off-the-shelf resistor values with a wide 
choice of Ratio Tolerances, Ratio TCs and Resistance Ratios: 


This standard part number provides a selection of over 500 in-production models of Type T912/T914 
precision resistor ‘pairs’ and ‘quads’: 





sarees As an example of the price/ performance advantages of this advanced 
‘3 < resistor technology, the Model T912-A1K-010-10 shown here provides a 
om e 1K-10K resistor ‘pair’ with a ratio tolerance of +0.01% and a ratio temperature 
\ coefficient of 10 PPM/°C at a 1000-lot unit price under $2.66. The same resistor 


‘pair with a ratio tolerance of +0.1% delivers at a 1000-lot unit price under $1.52! 


Type T1794 Custom Precision Resistor Networks meet special 
circuit and packaging requirements: 





The Type 11794 custom precision resistor 
networks provide a unique range of flexibility: 





e From 2 to 15 resistors per assembly. 
e Absolute tolerances from 1.0% to 0.05%. 
e Custom voltage and power ratings. 
e Resistance values from 500 ohms to 
10 Megohms 
e Absolute TC from 50 PPM/°C 
to 25 PPM/°C. 
¢ Ratio TC from 50 PPM/°C 
to 5 PPM/°C. 
° Variations in pin configurations and package ‘7? 
size as required to meet performance and existing circuit-board arrangements. / 


Caddock’s advanced film resistor technology is the source of these outstanding advantages— 
advantages that are matched by a 20-year record of outstanding ‘in-circuit’ reliability. 


Discover how easily these problem-solving resistors can improve the performance and reliability of your equipment, too. 
For your copy of the latest edition of the Caddock 24 page General Catalog, and specific technical data on any of the more than 
150 models of the 13 standard types of Caddock High Performance Film Resistors and Precision Resistor Networks, just call or write to - 


Caddock Electronics, Inc., 1717 Chicago Avenue, Riverside, California 92507 © Phone (714) 788-1700 © TWX: 910-332-6108 
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Fig 4—A 2-section memory offers a speed enhancement. The host processor reads or writes from one section, while the array processor 


processes the data in the other sectian. 


don’t want to switch buffers while the host or the array 
processor is still using one. 

A second approach involves bypassing the host com- 
puter and letting the array processor take data directly 
from the data souree—for example, an A/D converter. 
The processor uses the data and passes results to the 
host computer. 

The 2-section-memory and direct-data-input tech- 
niques aren’t mutually exclusive. In a given application, 
you might send data from an A/D converter directly to 
a 2-section memory. In this case, when the A/D con- 
verter’s memory is full, it switches the memory section 
to the array processor. 


Dividing the work load 


_By adding both direct-data input and output ports to 
your array-processor design, you can connect several 
processors in series, letting each one perform a subset 
of your algorithm. After it processes a piece or block of 
information, each processor passes results to the next 
processor in the chain. 

The basic array processor performs addition, sub- 
traction, multiplication, and format-conversion opera- 
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tions. For complex and transcendental operations, 
you'll need specific microcode routines that offer cosine, 
sine, and other functions. Standard algorithms are 
available, so your programming tasks aren’t insur- 
mountable. Part 3 of EDN’s floating-point series will 
explore transcendental functions and tell how to imple- 
ment them. EDN 
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OurTO-5 Relay uses less coil power 
than any other relay in the world. 
In fact, the sensitive version draws 
only 210 mW of power at rated 
voltage. And its extremely small size 
permits high board density. 

The TO-5 Relay comes in many 
versions — general purpose and 
sensitive, commercial, military 
(qualified to“L? “M” & “P” levels 
of MIL-R-39016), as well as special 
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high temperature, high shock and 
high vibration versions for unusually 
demanding applications. It is avail- 
able in latching versions, in single, 
double and 4-pole styles, and in 
hybrid versions with internal diode 
and transistor drive. All have excel- 
lent rf switching characteristics. 
Teledyne has been an industry 
leader for over twenty years. We've 
used our technical expertise and 








manufacturing know-how to create 
the world’s best subminiature elec- 
tromechanical and solid state relays. 

If you'd like complete technical 
information about our TO-5 Relay, 
or applications assistance, please 
call or write today. We're here to 
help you. 


TELEDYNE RELAYS 


Innovations In Switching Technology 


12525 Daphne Ave., Hawthorne, California 90250 « (213) 777-0077 
European Hatrs: Abraham Lincoln Strasse 38-42 ¢ 62 Wiesbaden, W. Germany 06121-7680 
Belgium Sales Office: 181 Chaussee de la Hulpe « 1170 Brussels (2) 673-99-88 


UK. Sales Office: Heathrow House, Bath Rd., Cranford, Hounslow, Middlesex, TW 5 9QQ « 01-897-2501 
Japan Sales Office: Nihon, Seimei Akasaka Building + 8-1-19 Akasaka, Minato-Ku Tokyo, 107 Japan (03) 403-8141 
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Enter the best of both worlds. 





When you're exploring the semicus- 
tom world for the first time, itcan be a 
confusing place. 

Why not explore it with us? RCA has 
been providing semicustom chips for 18 
years for military/aerospace, automotive, 
industrial controls and consumer 
electronics. 

The designer-friendly system. 

We know the importance of speed 
and flexibility in semicustom. 

Our designer-friendly software gets 
you up to speedin as little as the three 
days required for our training Course. 

Start at one of our worldwide design 


centers, or the Hamilton/Avnet or Schweber 


design center most convenient to you. 
Then complete your design at your own 
location. 

Be as remote as you want. 

Our workstation software supports all 
of the major workstations: Daisy," Mentor™ 
and Valid™ To complete or revise your 
design at any remote workstation, 
ourchase either our schematic capture 
and net list software, or schematic capture, 
net list and simulation software for each 
library. You pay a one-time fee plus quar- 
terly update maintenance fee. You'll get 
one of the lowest computer charges per 
CPU hour in the industry. 

New double level metal with 
sub-chip options. 

Our CMOS gate arrays and standard 
cells will get you started in the right direc- 
tion, and allow you to grow without rede- 


signing. Our selection includes double 
level metal for higher density chips that 
handle higher system clock speeds. 

The RCA library of over 300 verified 
standard cells is one of the largest in the 
industry. Our new silicon compiling capa- 
bility includes RAM generation up to 1,000 
bits, sliced any way you want it, with other 
macrocell options coming soon. Our gate 
arrays go up to 6,000 gates, with alternate 
sourcing on the LSI 5,000 series. 

Why do so many designers who 
try RCA buy RCA? 

RCA’s hit rate on first time successes 
is over 95%. And the comments from our 
design course participants are nearly as 
impressive as the numbers who go on to 
become RCA semicustom customers. 

Whether you choose CMOS gate 
arrays or CMOS standard cells, get the 
best of both worlds. Call your RCA sales 
office or distributor today. 


Daisy™ is a trademark of Daisy Systems Corporation. 
Mentor™ is a trademark of Mentor Graphics Corporation. 
Valid™ is a trademark of Valid Logic Systems Incorporated. 


Mail to RCA Solid State Division, P.O. Box 2900, 
Somerville, NU 08876. 


0 Please send me information on RCA semicustom. 


DZ Please send me information on RCA 3-day 
' training courses for semicustom. 


Name —____E 
| Company ————______ 


Address. 


_ City/State/Zip ——————  — 
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| 
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| 
| 
| 
| 
| 
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| 


Call: Hamburg, 49-4106-6130; London, 44-93-2785511; Paris, 33-3-946-5656: Call: Hong Kong, 8-52-3-723-6339; Sao Paulo, 55-11-210-4033. 


Your Mega-partner in CMOS. reas 


EDN January 23, 1986 205 














THE SMALLEST 


COMMERCIAL SWITCHERS 







FX 300 (300 Watts) 
4.5"x9"x 2.5" 


New FX Series and GX Series of 
Switching Power Supplies. 


FX 150 (150 Watts) e Up to 3.6 watts per cubic inch 


4.25” x 8.25” x 2.75" 50¢ per watt in volume 
Three to five outputs 


100 amp output 

Adjustable auxiliary outputs 

Parallel operation 

FCC EMI filters 

UL / CSA / IEC / VDE approvals pending. 


sj= Summit 


Electronics, Inc. 


Call Our Toll Free 
Information Hot Line Today! 





In Texas Call (214) 231-1456 


Jack Barry, Vice President Marketing A subsidiary of Basler Electric Company, Highland, Illinois 
steve Mole, Sales Manager 855 East Collins Boulevard 
Bryan Bristol, Customer Service Richardson, Texas 75081 
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EDITED BY TARLTON FLEMING 


Converters yield droop-free S/H circuit 


T G Barnett 
The London Hospital Medical College, 
London, UK 


In low-frequency applications, many monolithic sample/ 
hold circuits suffer a droop rate that can cause an 
unacceptably large output error. The S/H circuit in Fig 
1 eliminates droop error by operating two 8-bit multi- 
function converters back to back. The circuit requires a 
5V supply and accepts analog inputs between 0 and 
2.5V (although you can scale and offset any input signal 
to fall within this range). 

The analog input is applied to the inverting input of 
an LM324 op amp (IC,), which is wired as a comparator. 
The op amp and the IC; multifunction converter form a 
ramp-and-compare A/D converter. (Because the 
Ferranti ZN435 multifunction converter includes a volt- 
age-output D/A converter, an 8-bit up/down counter, a 
2.5V bandgap reference, and a clock generator, you can 
configure the device either as an A/D or as a D/A 


DIGITAL 
INPUT 





converter.) The converter’s internal counter counts 
from 0, producing a positive-going ramp at the analog 
output. 

When the ramp voltage exceeds the analog input, the 
comparator output goes high and sets IC;’s Q; output 
high, thus inhibiting IC,’s clock and stopping the count- 
er. IC,’s digital outputs are connected to the digital 
inputs of IC3, which is wired as a D/A converter. The 
D/A converter provides the S/H circuit’s analog output. 

The output will remain in a hold state until you reset 
the monostable multivibrator (IC,), whose outputs 
apply simultaneous reset pulses to IC, and IC;. The 
circuit then resamples and holds a new value of analog 
input. The S/H circuit provides 8-bit hold accuracy for 
analog input frequencies as high as 1 kHz; you can use a 
faster op amp for IC, for higher-frequency operation. 

EDN 
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ANALOG 
OUTPUT 


NOTES: 

IC; IS AN LM324. 

IC2 AND IC3 ARE FERRANTI ELECTRIC ZN435s. 
IC4 IS 2CD4538BC. 

ICs IS %CD4043BC. 


Fig 1—This S/H circuit provides unlimited hold time without droop by digitizing the analog input (IC 2) and converting back to analog using 


a D/A converter (IC3). 
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Enhance the 8214 interrupt controller 





Dan G Sporea and Octavian C Cotescu 
National Center of Physics, 
Magurele 5206, Romania 


The 8214 priority interrupt controller is intended for 
use with the Z80 »P operating in mode 0 and with the 
8080 ~P. You can use the 8214 with a Z80 operating in 
mode 2 by adding a 5-bit shift register (IC;) to the 
classical 8214-8212 arrangement (Fig 1). 

An 8-bit word is assembled in IC,’s I/O port by adding 
the five bits from IC; to three bits from IC;, forming an 
8-bit priority-encoded interrupt vector corresponding 
to the highest-priority interrupt request at the 8214’s 
inputs. (Using the PE and CL commands, you load the 
appropriate five bits into IC; before the program runs. 
For a Z80 running in mode 0, all of the bits are 1s.) The 
8-bit vector is placed on the data bus during an inter- 
rupt-acknowledge cycle, when the 8212 is activated by 
the IORQ and MI signals. 


DATA BUS 


PORT SELECT 





You must program the interrupt-service routines 
according to the 8214’s data sheet, but you should end 
each routine with a RET instruction instead of the 
RET1 instruction normally used with Z80-family pe- 
ripherals. 

The circuit offers the following advantages: 

@ You can obtain Z80 mode-2 operation for periph- 

erals other than those intended for that purpose. 

@ You can dynamically reassign the interrupt-serv- 
ice routines by altering the word stored in IC,’s 
shift register. 

e@ Using a word stored in another 8212 port, you can 
mask interrupt signals Ry through R; so that only 
software-selected inputs are served. 

@ You can implement a daisy-chain priority-inter- 
rupt system with maskable inputs. EDN 
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Fig I—A more versatile interrupt-service capability and Z80 mode-2 operation are achieved by adding a shift register and I/O port (IC's and 


IC,) to the usual 8214/8212 configuration. 
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Gough mixers 






Today, ten years after its 
introduction, the SBL-1 has 

earned its reputation as tough... the 
world’s most widely accepted mixer for ruggea™ 
industrial and military applications, judged on the basis 
of high quality, consistent performance in the field, 

and lowest in cost. 


And the winning formula is not a secret. 


Using the latest automated production and test equipment 


available, Mini-Circuits stress tests each individual compo- SBL SPECIFICATIONS (typ.) 
nent before assembly and then subjects each assembled Isolation,dB —~ Price 
SBL-1 to 17 grueling tests before acceptance, date coding Model Freq. (MHz) Conv.Loss L-R- L-l (10-49) 
and close checking for unit-to-unit repeatability. SBL-1 1-500 55 45 40 $4.50 
The SBL-1 does have one drawback however. It only covers ae ne ae ee pai cei 
’ ’ mi . 35 25 $6.95 
1 to 500 MHz. That’s why we've expanded the product fam- SBL-1-1. 0.1-400 5 5 35 40 $6.50 
ily with additional models to cover 25 KHz to 1000 MHz. The SBL-3 0.25-200 55 45 40 $7.50 


new units are assembled with the same production andtest —« jnot bc coupled. 
expertise as the SBL-1; that’s why we can offer 0.1% AQL 

on all SBL models... no rejects, not a single one, on every 

order shipped. So don’t compromise your design or settle 

for a poor imitation. Specify Mini-Circuits SBL Mixers. 


For full specifications call or write for latest RF/IF 


Signal Processing Handbook or refer to EEM, Gold A Division of Scientific Components Corporation 
Book. or Microwaves Directory. World's largest manufacturer of Double Balanced Mixers 
208.2 - y P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 


Domestic and International Telex 125460 International Telex 620156 


C104 REV. ORIG. 
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Serial pulses control analog multiplexer 





Al Kumar 
Simmonds Precision, ISD Div, Vergennes, VT 


Using the Fig 1 circuit, you can control an 8-channel 
analog multiplexer from a remote computer via a differ- 
ential signal path. Binary counter IC3g provides both a 
latch function for the channel address and the means for 
a sequential scan through the channels. 

You control the multiplexer by negative-going pulses 
transmitted to the differential receiver IC,. For the 
50-kHz clock frequency shown, a wide pulse (200 to 250 
ysec) sets the multiplexer to channel 1, and each 
additional short pulse (25 to 35 usec) steps the multi- 
plexer to the next channel in sequence. (The receiver 
output should maintain a logic-1 level between the 
pulses to clear counter IC3, and stop its counting.) 


CONTROL 
PULSES 





Fig I1—Serial pulses control an 8-channel analog multiplexer. A long 


psec) step the multiplexer through its remaining channels. 
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Counter IC3;, begins counting when a long pulse 
arrives, causing the LSB output (line 3) to clock the 
IC3g counter. The multiplexer, in turn, scans its eight 
channels in response to the count from IC3g. The 
multiplexer will, however, stop on channel 1 because 
when pin 6 of ICs, is high, it sets IC3s’s outputs to 0s. 

Short pulses, on the other hand, allow only enough 
time for completion of the first low-to-high transition on 
pin 3 of IC3,. As a result, inverter IC; produces a 
negative edge at IC3,’s clock, which increments that 
counter by 1 and selects the next multiplexer channel. 

EDN 
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IC3B 
1hLS393 


pulse (200 to 250 sec) selects channel 1; seven short pulses (25 to 35 
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How many long unproductive hours 
have you spent “in line” for your simula- 
tion? Well, no more. MICROCAP and 
MICROLOGIC can put you on line by 
turning your PC into a productive and 
cost-effective engineering workstation. 

Both of these sophisticated engineering 
tools provide you with quick and efficient 
solutions to your simulation problems. 
And here’s how. 


MICROCAP: 
Your Analog Solution 


MICROCAP is an interactive analog 
circuit drawing and simulation system. 
It allows you to sketch a circuit diagram 
right on the CRT screen, then run an AC, 
DC, or Transient analysis. While pro- 
viding you with libraries for defined 
models of bipolar and MOS devices, 
Opamps, transformers, diodes, and much 
more, MICROCAP also includes features 
not even found in SPICE. 

MICROCAP II lets you be even more 
productive. As an advanced version, it 
employs sparse matrix techniques for 
faster simulation speed and larger net- 





@ 
gi ae 


be (pee ae 





—— 


1) We mG 
LG He 





“Typical MICROCAP Transient Analysis” 


works. In addition, you get even more 
advanced device models, worst case capa- 
bilities, temperature stepping, Fourier 
analysis, and macro capability. 


MICROLOGIC: 
Your Digital Solution 


MICROLOGIC provides you with a 
similar interactive drawing and analysis 
environment for digital work. Using 
standard PC hardware, you can create 
logic diagrams of up to 9 pages with each 
containing up to 200 gates. The system 
automatically creates the netlist required 
for a timing simulation and will handle 
networks of up to 1800 gates. It provides 
you with libraries for 36 user-defined 
basic gate types, 36 data channels of 256 
bits each, 10 user-defined clock wave- 
forms, and up to 50 macros in each net- 
work. MICROLOGIC produces 
high-resolution timing diagrams showing 
selected waveforms and associated 
delays, glitches, and spikes—just like the 
real thing. 
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MICRO CAP and MICRO LOGIC 
ers on line... 





“Typical MICROLOGIC Diagram” 


Reviewers Love 
These Solutions 


Regarding MICROCAP ... “A highly 
recommended analog design program” 
(PC Tech Journal 3/84). “A valuable tool 
for circuit designers” (Personal Software 
Magazine 11/83). 

Regarding MICROLOGIC .. . “An effi- 
cient design system that does what it is 
supposed to do at a reasonable price” 
(Byte 4/84). 


MICROCAP and MICROLOGIC are 
available for the Apple II (64k), IBM PC 
(128k), and HP-150 computers and priced 
at $475 and $450 respectively. Demo 
versions are available for $75. 

MICROCAP II is available for the 
Macintosh, IBM PC (256k), and HP-150 
systems and is priced at $895. Demo 
versions are available for $100. 

Demo prices are credited to the 
purchase price of the actual system. 


Now, to get on line, call or write today! 


Spectrum Software 


1021 S. Wolfe Road, Dept. E 
Sunnyvale, CA 94087 
(408) 738-4387 
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Divider produces symmetrical output 





Irwin Cohen 
Hewlett-Packard Co, Rockaway, NJ 


In synchronous systems, you must often divide a sym- 
metrical clock waveform by an odd integer and obtain a 
symmetrical output (ie, a 50% duty cycle). Unfortu- 
nately, J-K flip-flop dividers usually produce a wave- 
form (labeled A in Fig 1b) in which the high and low 
intervals differ by one period of the input clock. The 
Fig la circuit corrects this situation by splitting the 
difference—it lengthens the short interval and shortens 


fei DIVIDE-BY-3 COUNTER 





%474LS00 


(a) 


fin 


(b) fout 


the long one by half a clock period. The circuit works for 
any odd-integer division producing an asymmetry of 
one clock period; division by 3 is used as an illustration. 
Flip-flop IC;’s Q output is set high when waveform A 

is low; Q goes low with the first positive transition of fy 
after A returns high (Fig 1b). If T;>T:, connect IC,;’s 
Q output instead of the Q output to IC;’s preset input. 
EDN 
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Fig 1—Odd-integer division performed using a divide-by-3 counter (a) produces the asymmetrical waveform (such as the one labeled A in 
part 6), but you can add additional circuitry to generate a symmetrical four signal. 
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TECHNICAL INFORMATION FROM THE LEADER IN MLCs 





MLC Decoupling of 256-K Dynamic RAMs 


A dynamic RAM's sensitivity to 
decoupling-induced “‘soft-errors” (ran- 
dom loss of one or more bits of mem- 
ory) increases dramatically with higher 
speeds, higher density, and an 
increased number of sense amplifiers. 
The new 256-K DRAM designs have 
large, instantaneous current demands 
which must be satisfied by a local cur- 
rent source. 

That source is the decoupling 
capacitor directly adjacent to the RAM 
package. And the capacitor most often 
used for this application is a multilayer 
ceramic capacitor (MLC) because of 
its low series inductance, low series 
resistance, and high capacitance in a 
small size. 


Test Results 

Tests were conducted by AVX on a 
256-K DRAM memory board to deter- 
mine the noise level obtained with var- 
ious values of MLC capacitors. Figure 
1 compares the results obtained using 
256-K DRAMs with those from similar 
board tests on 64-K DRAMs. As indi- 
cated, 0.33-yfd capacitors are 
required on the 256-K DRAM board to 
obtain a noise level equivalent to tnat 
obtained using 0.1-fd capacitors on 
the 64-K DRAM board. Performance 
improvements on the 256-K DRAM 
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Fig.1. Decoupling characteristics for 

64-K and 256-K DRAMs with AVX MLC 

capacitors (including V-bump and 

V- droop). 


test board leveled off between 
0.33-yfd and 1.0-yfd, indicating that 
the preferred value for decoupling is 
about 0.33- fd. 

Figure 2 shows the scope traces 
obtained during refresh cycle on the 
256-K DRAM test board with a 0.33- 
ufd AVX MLC. In all tests, the general 
decoupling scheme used was one 
MLC capacitor for each DRAM, with 
no board-level bulk capacitors. 


Discussion 

General-application ceramic formu- 
lations, such as Z5U, show considera- 
ble change in capacitance with tem- 
perature. However, this change has 
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Fig.2. Scope traces for refresh cycle on 
256-K DRAM test board with 0.33-ufd 
AVX MLCs. 





Fig.3. Effect of temperature on 256-K 
DRAM decoupling with 0.33-wfd AVX 
MLCs (Z5U). 


little affect on the total noise level for 
256-K DRAM when the correct value 
is chosen. Thus, the 0.33-yfd value is 
high enough to meet the 256-K 
DRAM's current requirements over its 
full operating temperature range, as 
shown in Fig. 3. 

For a complete technical paper 
describing these tests in detail, com- 
plete and return the coupon below. 


[|] Please send me the AVX Technical 
Paper, “Decoupling 256-K DRAMs.’ 
[|] Please send me literature 
describing AVX MLCs 

[ ] Please send me samples 





EDN-1/23/86 
Name 





Title 





Company 





City 





Stale. 3 eS ap 


Phone 


Send to: AVX Corporation, Dept. 25, 
PO Box 867, Myrtle Beach, S.C. 29577 





= 
| 
| 
| 
| 
| 
| Piddee$6 ee 
| 
| 
| 


AVX and AVX TechFile are trademarks of AVX Corporation. 
© 1984 AVX Corporation. 
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Program returns D/A input for new gain 





Mario Bilac 
General Electric Co, Plainville, CT 


Fig 1 shows a digitally controlled gain circuit based on a 
multiplying D/A converter; the circuit implements the 
function Voyr=—Vjy/D. In the function, D is the digital 
input interpreted as a fraction between 0 and 1. Deter- 
mining by hand the optimum value for D to produce a 
desired gain can be cumbersome because many values 
may produce nearly the same gain. 

Table 1 illustrates how a Fortran-77 routine deter- 
mines D for the closest realizable approximation to the 
desired gain. The algorithm uses a trial-and-error 
process to solve for the coefficients Ay of the circuit’s 
gain-transfer function, Vour/Vin (Fig 1). Each Ay value 
is either 0 (bit off) or 1 (bit on). Although written as a 
design tool, the algorithm can also serve such real-time 
applications as adaptive gain control. 

Given the desired gain and D/A-converter resolution, 
the algorithm steps are as follows: 

1. Set the new gain equal to the desired gain. 

2. Find i such that 2' is greater than or equal to the 
new gain. 





TABLE 1—ALGORITHM EXAMPLE* 


NEW GAIN = 1.77 
i= 1 (2) 
SUMBW =" 


NEW GAIN = (1h.77-1h)7' 
NEW GAIN = 15.39 


i = 4 (24) 

SUMBW = 1) + the = 05625 
NEW GAIN = (4.77-SUMBW)~' 
NEW GAIN = 404.57 


G1 > 256 
ALL BITS ARE DETERMINED 


G1 < 256 
GO BACK TO STEP 2 


D/A BITS: Heng 
DIGITAL INPUT: 0 1 0 


ACTUAL GAIN = 1.7777 
DESIRED GAIN = 1.77 


* THIS EXAMPLE ASSUMES AN 8-BIT D/A CONVERTER AND 
A DESIRED GAIN OF 1.77 V/V. 


3. Compute the divisor of the transfer-function for- 
mula and store the result. 

4. Compute the new gain by taking the reciprocal of 
the desired gain and subtracting the divisor value 
computed in step 3. 

0. Determine if the new gain can be realized with the 
specified D/A converter’s resolution. If the new gain is 
less than the converter’s resolution, return to Step 2. 
Otherwise, all bits are determined. 

6. If the desired gain is unity, set all bits to 1. 


DIGITAL INPUT 


(MSB) BIT 1 


TRANSFER FUNCTION: 


Vour _ 4 


Vw Ar, Ae, As 
de eo. 


BIT 12 (LSB) 


WHERE THE COEFFICIENTS Aw, ASSUME A VALUE OF 1 FOR AN ON BIT, OR 0 FOR AN OFF BIT. 


NOTES: 
Vrer IS THE REFERENCE VOLTAGE INPUT. 


RFB IS THE FEEDBACK-RESISTOR TERMINAL (NORMALLY USED WITH AN EXTERNAL OP AMP). 


lout1 AND lout2 ARE RESISTIVE-DIVIDER OUTPUTS. 





Fig 1—With this digitally controlled gain amplifier, determining the optimum digital input for a desired gain is no straightforward task. 


The program in Listing 1, however, can do the job for you. 
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IRREFUTABLE 


You've probably heard a lot 
lately about advanced bipolar 
logic technologies. Some of them 
claiming to be an even more 
logical choice than FAST.™ So 
we'd like to set the record 
straight. 

The fact is, FAST’s 3ns speed, 
4mW power, and spec consis- 
tency put it in a class by itself. 
That’s why it’s the irrefutable 
choice of design engineers in com- 
mercial and military industries 
the world over. And it’s supported 
by two major semiconductor 
manufacturers as second sources. 

The constantly growing FAST 
family offers a broad product line 


of the most popular, useful func- 
tions: well over 100 SSI, MSI, and 
LSI devices. We also provide thor- 
ough technical support—with a 
FAST data book, applications 
handbook, dedicated sales force, 
and access to our high-technology 
Fairtech Centers. Not to mention 
off-the-shelf delivery, from each 
and every Fairchild sales office or 
authorized distributor. 

We offer all the processing 
options you need. Such as addi- 
tional burn-in and special marking. 
Packaging in DIPs, flatpaks, and 
SOICs, with PLCCs on the way. 
And we stock one of the widest 
varieties of JAN-qualified parts. 


FAST (Fairchild Advanced Schottky TTL) is a trademark and the FAST logo is a registered trademark of Fairchild Camera and 
Instrument Corporation. © Copyright 1985 Fairchild Camera and Instrument Corporation. 
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So the next time you're trying 
to decide between advanced logic 
technologies, reach for the red 
book on your shelf and check our 
specs. Or call The Fairchild Infor- 
mation Center, 1-800-554-4443, for 
more information. 

We’re convinced you'll choose 
FAST. 

It's logic of a higher order. 


We’re taking the high ground. 
PSs SAU ie eae ane 


FAIRCHILD 
es eee 
A Schlumberger Company 
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Listing 1 provides the Fortran-77 user-interface pro- 
gram Gainmain and the subroutine Gainsub, which 
implement the algorithm. Gainsub is followed by a 
program-output example that calculates the digital 
inputs corresponding to four gain values for a 12-bit 
D/A converter. 

Fig 2 is a plot of gain error (percent difference 
between actual and desired gains) for a 12-bit D/A 
converter. The plot includes data at 1.1V/V intervals 
over 0.01 to 99V/V. The plot shows, for example, that 
you can obtain gain values of 10 and lower with less 
than 0.1% error. For lower error over this range, you 


ERROR (%) 


a i 








must use a 14- or 16-bit D/A converter. EDN 
50 
GAIN (V/V) 
Fig 2—This plot shows the percent error you can expect between a 
: : : desired gain and what you get using a 12-bit D/A converter and the 
To Vote For This Design, Circle No 750 6-step algorithm. Data is plotted at 1.1V/V intervals. 
LISTING 1 


PROGRAM GAINMAIN 


DIMENSION Ix(12),Iy(12),1z(12) ,Gainl (100) 


Cc Open an output file 
OPEN (UNIT=3, STATUS='NEW' , CARRIAGECONTROL='LIST' ) 
c Get the desired gain 
Write (6,10) 
10 Format (1lx,' How many gains (up to 99 ) do you wish to determine?',$) 
Read(6,12) N 
12 Format (i3) 
Do nl=1,N 
Write (6,11)nl 
11 Format (1lx,' Input the desired Gain',i2,' value ',$) 
Read (6,*)Gainl (nl) 
End Do 
Do nl=1,N 


gain=gainl (nl) 
© Clear all the bits in D/A 


DO k=1 ,.12 
Ix (k) =0 
Ty (k) =0 
Iz (k) =k 
end do 


CALL GAINSUB( Gain, Ix, Gl ) 


Do k=1,12 
If (Ix(k).ne.0) Then 
Ty (Ix(k))= 
end if 
end do 


Weite.(3,105). (Iz(k) »~ksh,22) 


105 Format (1x,/,8x,'D/A Bits";10x, *(MSB) ",12(1;I2);12;," (LSB) ") 
Write (3,110). (Iy(k), k=1;22) 
110 Format (8x,'Digital Input ‘eg let lx, S27) 
60 FORNAT (//,8X,'GAIN =',F10.5,5X, ‘ACTUAL GAIN=',F10.5) 
End do 


CLOSE (UNIT=3) 
END 


INCLUDE 'GAINSUB.FOR' 
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Subroutine GAINSUB (Gain, Ix, G1) 


Gain = Desired gain, Ix(l) = matrix containing set bi 

Gl = actual gain returned to the calling progran. 
Dimension Ix(12),R(12) 

3 Initialize variables 

SUMBW=0 .0 


aa 


C Step 1. Set new gain to equal desired gain 
Gl=Gain 


ts 


iterations 


c The loop counter (L) is used to track the number of 
cS thru the complete set of steps. 
DO L=1,12 
c Step 2. Find the 2's exponent for gain Gl using 12-Bit D/A 
DO i=1,12 
If ((2.0**Float(i)).GE.Gl) then 
Ix (L) =i 
go to 20 
End if 
End Do 
20 continue 


c Step 3. Compute the transfer function divisor (SumBw). 
SumBw = SumBw +(1.0/(2.0** (float (Ix(L))))) 


c Step 4. Compute reciprocal of the new gain 
G1=ABS ((1.0/Gain)- SumBw) 


fos Test result - Can't divide by zero 
If (Gl.eq.0.0) go to 30 

c Set new gain 
G1=1.0/G1 


c Step 5. Test if Gl is realizable with the 12 bit D/A 
If (Gl.gt.4096) go to 30 


End Do 
30 continue 


cS Scale the original gain 
Gain=float (int (gain*10000.0))/10000.0 


c Step 6. If gain is equal to 1.0 set all the bits of the D/A to a 


C Logical:".3". 
If (gain.eq.1.0000) then 
Do k=1,12 
Ix (k) =k 
End Do 
End If 


Cc Compute the actual gain obtained by the circuit 
Gl=1.0/SumBw 


Return 
end 


PROGRAM-OUTPUT EXAMPLE 


1$ r gainmain 
How many gains (up to 99 ) do you wish to determine?4 


Input the 
Input the 
Input the 
Input the 


desired Gain 
desired Gain 
desired Gain 
desired Gain 


1 value 32.567 
2 value 12.459 
3 value 6.789 

4 value 3.2449 


GAIN <=. 324556700 ACTUAL GAIN= 32.76800 

D/A Bits (NSB). 10.5 2 “VS ee oe 9 

Digital Input O° (0.3: Gi og Bes abe: 2 

GAIN = 12.45900 ACTUAL GAIN= 12.48780 

D/A Bits (MSB) 1 32 (SA oe ee. 9 

Digital Input 0 0° Bet ek Oot 1 

GAIN = 6.78900 ACTUAL GAIN= 6.79270 

D/A Bits (MSB) iso 2 a ees. 

Digital Input 0. 0 ee Grd | 

GAIN = 3.24490 ACTUAL GAIN= 3.24564 

D/A Bits (NSB) Lk.» 2S eee ees. «8 
0.1 .- 0 ee 


Digital Input 
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Ceraclad” Circuits. 


...the marriage of copper to ceramics — MAKE THIS COMPARISON WITH ALTERNATE MEANS OF CIRCUITIZING: 


Copper for conductivity. Ceramics for Hi-Rel COMPARISON FACTOR CERACLAD™ THICKFILM THINFILM 
substrate properties. Ceraclad™ metallic cop-  _ Conductor resistivity (Ohm-cm x 10°) Fe 15:00 he 
per ceramic circuits give conventional thick pape) SEES typical, a lah 10--%) 0.1-3.0 0.8 0.05 
film techniques the old “one-two” Densities Circuit resolution (Conductors/inch/layer) 90 150 
are greatly improved. A Ceraclad double- 
sided, plated-through-hole ceramic sub- 
Strate with a fine line circuit (3 mil line/2 mil 


Typical circuit layers 1-3 1 
Conductor adhesion (Lb/in?) 1000 2000 
Adhesion after heat aging (150 hr @ 175°C) 850 1800 


; heal Hichetl itil Wire bond strength (Grams) 8-11 13-15 
space) is equivalent to a thick film multilayer Bond strength after aging (24 hr @ 160°C) 7-9 12-14 


with four layers. It weds the best features of Cupper thick CE RAGA 
thick and thin film circuits and offers exciting film surface Copper surface 


possibilities for solving tough circuitizing se i 
problems, especially in microwave and : CERACLAD™PRODUCTS GROUP 


computer applications. Send for the new PCKTECHNOLOGYDIVISION 


Ceraclad brochure. Or call directly. KOLLMORGEN CORPORATION 


a | 322 South Service Road, 
See us at Nepcon West magnified 1000x gnified 1000x) Melville, NY 11747 (516) 454-4508 
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NEW PRODUCTS: COMPUTER-AIDED ENGINEERING 








PACKAGING DESIGN 


An option to the T-Boards package 
combines pc-board-layout and elec- 
tromechanical-design software. The 
combination lets you solve 3-D sys- 
tem interconnection and packaging 
problems that can occur when you 
design and test pe boards in their 
final packaging configurations. You 
can transfer 2-D circuit layouts into 
3-D DDM (design, drafting, and 
manufacturing) mechanical-design 
files and check design interferences 
and analyze final designs. Using the 
DDM software, you can work with a 
picture of the design space and use 
manufacturing aids such as the 
Sheet Metal application package. 
The package runs on Apollo work- 
stations. T-Boards starts at 
$77,000, including a color Apollo 
DN660 workstation; DDM software 
costs $50,000. 

Calma Co, 501 Sycamore Dr, 
Milpitas, CA 95035. Phone (408) 
434-4000. 
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DRAFTING PROGRAM 


Generic CADD is a 2-D design and 
drafting package that features mul- 
tiple layers, multiple line types, 
user-definable fonts, rubberbanding 
line, video and digitizer menus, and 
component libraries. It requires an 
IBM PC with 256k bits of RAM, a 
color-graphics card, and a monitor. 
You can create drawings with a 
mouse or a digitizer. The editor 
provides lines, circles, arcs, ellipses, 
polygons, and components symbols. 
Two optional programs, Gen-Auto- 
Con and Gen-Dot-Plot, are avail- 
able. Gen-Auto-Con converts Auto- 
CAD drawing files to this company’s 
CADD drawing files and vice versa; 
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Gen-Dot-Plot drives 50 dot-matrix 
printers. Generic CADD, $99.95; 
Gen-Auto-Con and Gen-Dot-Plot, 
$24.95 each. 

Generic Software Inc, 6 Lake 
Bellevue, Suite 203, Bellevue, WA 
98005. Phone (206) 462-1944. 
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GaAs-IC DESIGN 


This GaAs-IC design kit, which 
runs on Daisy (Mountain View, CA) 
workstations, can help you develop 
Q-Chip GaAs MSI semicustom ICs. 
You can combine Daisy’s schematic- 
capture and logic-simulation soft- 
ware with this company’s logic 
macro library. Circuits can contain 
as many as 140 logic gates and 24 
I/O ports; clock rates can range 

from 100 to 2000 MHz. $4000. 
TriQuint Semiconductor Inc, 
Box 4935, Beaverton, OR 97075. 
Phone (508) 629-4227. TLX 4742021. 
Circle No 352 


FAULT-GRADING TOOLS 


The IntelliTest/PFG probabilistic 
fault-grading software can analyze 
pe boards, as well as designs that 
you have created with a silicon com- 
piler. The package provides vector 
development and fault grading for 


pe boards because it can accept be- — 


havioral functions. For silicon com- 
pilation and custom-VLSI designs, 
it can handle transistor models 
when gate-level descriptions aren’t 
available. The package includes a 
library of behavioral models and 
transistor-level primitives. You can 
also add behavioral models to the 
library. The fault-grading package 
can interface to hardware modelers. 
An optional feature, Intellitest/ 
DFTA, analyzes circuits from a top- 
ological point of view. This program 
searches for faults that are impossi- 
ble or difficult to detect. DFTA pro- 
vides a testability analysis of a cir- 
cuit, interactive modification, and 
re-analysis and improvement re- 
porting; it automatically suggests 


design modifications. It supports hi- 
erarchical macrolevel analysis and 
complex primitives (eg, Boolean 
functions, RAM, and ROM). PFG, 
from $5000; DFTA, from $2500. 
Caedent Corp, 1901 N Union, 
Suite 102, Colorado Springs, CO 
80909. Phone (803) 634-0722. 
Circle No 353 


LOGIC ACCELERATOR 


The Mach 100 hardware accelerator 
simulates ICs and pe boards 500 
times faster than does software run- 
ning on a VAX 11/780, according to 
the manufacturer. The logic acceler- 
ator evaluates 250,000 events/sec 
and has a capacity for 32,000 model- 
ing elements. It can accept behav- 


-joral models from a host worksta- 
tion. 


Because the device 
understands the same command set 
as the simulation software that it 
accelerates, you dont need any 
training to use it. Occupying 2010 
in. of floor space, the unit can oper- 
ate either as a dedicated hardware 
accelerator serving a single comput- 


_ er or as a shared peripheral that you 


can access via a LAN. $25,000 for 
logic simulation; $30,000 for logic 
and fault simulation. 

Silicon Solutions, 13880 Willow 
Rd, Menlo Park, CA 94025. Phone 
(415) 321-8574. 
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SCHEMATIC CAPTURE 
Schema, a schematic-capture pro- 
gram for the IBM PC, PC/XT, and 
PC/AT, lets you create drawings 
with a mouse. Because the manufac- 
turer wrote this program in ma- 
chine code, it delivers the fastest 
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Who offers more enclosures to meet the 
needs of a wide range of industries? 


Who but Hoffman. 


For more than forty years, 
Hoffman has provided high 
quality enclosures to protect 
delicate controls and instru- 
ments from a broad range of 
hostile environments. 


Whatever you may call “hostile” — 
acid rain, chemicals, salt spray, sol- 
vents, cutting oils, fine dust, live 
steam or gases — Hoffman probably 
has a size, style and type of enclo- 
sure that will create a healthy envir- 
onment for your equipment. In this 
world. Or out of it. 

We have, after all, more than 
2,400 standard models of enclosures, 
consoles and wireways in inventory. 
In steel, stainless steel, aluminum, 





HOFFMAN ENGINEERING COMPANY 
A Division of Federal Cartridge Corporation 
Anoka, Minnesota 55303 (612) 421-2240 
Dept. EDN-857 


fiberglass, polyester, ABS and poly- 
carbonate. 

Breadth of product line isn’t the 
only reason why more and more 
engineers are specifying Hoffman 
enclosures. Engineers also appreciate 
their advanced design, consistent 
quality and local availability. 

For more information, call 
your Hoffman representative. Or 
contact us. 


- 


SS 


Your informed source 
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real-time screen graphics currently 
available for the PC. The program 
features postprocessors that extract 
net lists, wire lists, and bills of 
materials from schematics; the pro- 
gram also checks for design-rule 
violations. The design-rule checker 
locates and reports design errors 
such as floating inputs, nets that 
lack a driving source, nets that have 
multiple labels, and reference desig- 
nators that you’ve used more than 
once. The package supports three 
graphics adapters: IBM standard 
color, IBM enhanced, and Hercules. 
It also supports most printers and 
plotters, including ones from 
Epson, Okidata, Hewlett-Packard, 
and Houston Instrument. $495. 
Omation Inc, 1701 N Greenville 
Ave, Suite 809, Richardson, TX 
75081. Phone (214) 281-5167. 
Circle No 355 





PC-BOARD DESIGN 


Release 85.01 of the Scicards pro- 
gram features multilayer editing 
and routing, enlarged data limits, 
and automatic component place- 
ment. This version can lay out hy- 
brid and surface-mount boards. It 
features a series of routers that 
automatically route as many as 32 
board layers simultaneously. An au- 
tomatic placement program can 
place analog boards, as well as digit- 
al and memory designs. The place- 
ment algorithm automatically pre- 
vents component-body and 
component-pin overlaps. The sys- 
tem can lay out boards that contain 
as many as 2500 components, 
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ae Available in AC/D 


oi /output connector along hes spe- : 
cia y developed EMI/RFI filter circuitry. 
_ MTBF is 100,000 plus hours. Efficiency 


- is 80%. Full power is provided at max P.O. Box 222, Commerce Park, Danbury, Conn. 06810 
operating temp., to 95°C, no derating. 


CUSTOM POWER 


ONAN for a custom power supply...from mainframes to micros, 

peripherals to systems, ONAN offers the exact switching power 

supply to fit your application. 

ONAN for quick, reliable prototypes...Engineers using com- 

puterized workstations, modify proven circuits to meet your 
requirements. Zero Defect 
Programs and Statistical 
Process Control ensure 
oro)atsiici (claim elo) a(e)aaarclareccs 
ONAN for manufacturing 
strength...fifty years of power 
10] 0) e)\merorsi(e lame alemaarclalelrc(e0/e 
ing experience—a worldwide, 


Aare lal¥iretei(Ulgiaremercl ey-le)iiiavalarcl 
keeps our products cost com- 
efertlt\Vewslaleme(ci|\Vsi(cromelamilaatcy 


At ONAN, 
it’s the 
“Power of Partnership? 
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Technipower 
““Mil-Qual” Triple Output 
Switching Power Supplies 


iency and size ofa 
of a linear — all in 







sh Send for details _ 
We Do The Job Right! 


TECHNIPOWER 











A Ppenril COMPANY 


Phones: (203) 748-7001; In Calif. (805) 493-2244 
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250,000 pins, 10,000 nets, and 
10,000 connections. $25,000 for a 
license for each station and $2000/ 
month. 

Scientific Calculations Inc, 7635 
Main St, Fishers, NY 14458. Phone 
(716) 385-6790. TLX 978316. 

Circle No 356 





GRAPHICS TERMINAL 


The CT 1024 Colorgraphic terminal 
features both 1024x1024 and 
512X512 switchable bit-map dis- 
plays in a modular 19-in. monitor. 
Under program control, you can op- 
erate the monitor in a 1024x768, 
30-Hz, interlaced refresh mode or a 
512x384, 60-Hz, noninterlaced re- 
fresh mode. It supports zoom, pan, 
blink, and eight or 16 simultaneous 
colors. Input devices include a light 
pen, a digitizing table, and a key- 
board. $8495. 

Chromatics Inc, 2588 Mountain 
Industrial Blvd, Tucker, GA 30084. 
Phone (404) 493-7000. TWX 810- 
766-8099. 
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GRAPHICS TRANSFER 


The Cadds 4X graphics-transfer 
package can move graphical infor- 
mation between the vendor’s Per- 
sonal Engineer or CDS 3000 work- 
stations and the Cadds 4X CAD 
system. You can use this package to 
produce final documentation and to 
store these documents. The inter- 
face can pass libraries and schemat- 
ics. By using the interface in con- 
junction with net-list-transfer and 
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RELIABLE POWER 


ONAN POWER SUPPLIES...designed for your application. Our 

Engineers use computerized workstations to quickly turn proven 

circuits into prototypes for new applications. 

ONAN RELIABILITY...from Zero Defects Programs and Statistical 

Process Control to conservative designs and a QA System based 
on Mil-Q-9858. 
ONAN TECHNOLOGY... 
state-of-the-industry power, 
sophisticated, yet cost com- 
petitive, from MOSFET’s 
and 100 KHz switchers, to 
moleliccialciaarele(omee)alice) 
Compact, yet reliable power 
10) 0) @)i(oxom (arelmee ale )eagmem eels 
creel ¢siantera lice 


At ONAN, 
it’s the 
“Power of Partnership’ 
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A CHOICE: 


Flexible metal-core conduit 
systems with a wide selection 
of EMC shielding properties. 


Glenair offers flexible con- gag 
duit systems for mechanical | | 
protection of wiring and 
for electromagnetic com- 
patibility applications. 

Unique shielding of flexible 
metal-core conduit meets virtu- 
ally any EMI/RFI suppression _ 
requirement, from H and E field 
shielding to TEMPEST, EMP and 
Lightning. 


























and compatibility. Supplied 
unjacketed or with a Neoprene 
jacket for complete waterproofing 
and environmental sealing. Other 
jacketing materials available. 

- Conduit construction qualified to 
MIL-C-13909. 


In-house capabilities and 
— facilities. 

Glenair has over 25 years 
experience producing solutions to 
_ special electrical interconnection 

_ problems. If you're looking for a 
cost-effective answer to a conduit 
problem, call or write: 


GLENAIR, INC. 


121] Air Way « Glendale, California 91201-2497 + (818) 247-6000 
CIRCLE NO 110 


New Series 75 System. 
Glenair’s new Series 75 metal- 

core conduit system offers un- 

surpassed mechanical integrity 
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Group of Companies. 


INMOS, 
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When you're ready to make tracks, not follow them, call INMOS. 
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COMPUTER-AIDED 
ENGINEERING 


Pa 





back-annotation utilities, you can 
make certain that your layouts re- 
flect all revisions in your logic. 
$2700 for interface for Personal En- 
gineer; $3900 for CDS 3000 inter- 
face. 

Computervision Corp, 15 Crosby 
Dr, Bedford, MA 01730. Phone 
(617) 275-1800. 
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PC-BOARD ANALYSIS 


Wrapid, a layout package developed 
by Compion (Chapel Hill, NOC), 
places components and checks for 
design-rule violations. It includes 
the vendor’s databases of pc-board 
geometries, as well as communica- 
tion software. The package can ana- 
lyze the data from schematic draw- 
ings for such errors as missing 
devices and duplicate reference des- 
ignators. The program runs on IBM 
PC-based FutureNet Dash work- 
stations. $695 for the first diskette 
containing program and databases; 
$50 for additional databases. Deliv- 
ery, 30 to 60 days ARO. 

Augat Inc, Systems Div, Box 
1037, Attleboro, MA 02703. Phone 
(617) 222-2202. TWX 710-391-0644. 
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PC-BOARD LAYOUT 


The V04 CAD system is a direct 
upgrade of the V03 and runs on 
DEC’s PDP 11/73 computer. Its au- 
tomatic, re-entrant router achieves 
100% routing success in most cases, 
according to the manufacturer. The 
system handles component place- 
ment and routing of surface-mount 
devices (SMDs) automatically, and 
it also provides interactive tools for 
designing circuit boards containing 
SMDs. You can assign SMDs to both 
sides of a pe board. The system 
accelerates its graphics display with 
zoom and pan hardware; to zoom in 
on a designated area takes less than 
1 sec. The graphics processor con- 
trols a 2048 x 2048-pixel display. The 
LSI 11/73 CPU and this company’s 
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POWER PARTNERSHIP 


At ONAN, every power supp 


P-Noxe)aalaaiitaaisiaie 


ly we make comes with a partnership. 


In partnership, your deadlines become our deadlines. Your require- 
ments become our requirements. Its what we call “Power Partner- 


ship. Its what cuts your own 
ofetsi[e]abrclale maar lalelic(el(¥|s|alemeress) tc} 
and frees you to focus on base 
i(cTo1 al ale) (ole\Var-lalem 6)¢0)(c1e1maalclarcle(ons 
aalclalemitcwrom Orolm(arciecial/emtarclt 
keeps you responsive to the 


molslaat-lalecmelmelelmaaiclaccite)(-\ec 


Put the Power of Partnership 
behind your power supplies. 

Contact your ONAN Account 
Manager at 612/921-5600. 
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YOU WILL SEE OPTREX 


Optrex liquid crystal displays, both custom 
and standard designs, are found in automo- 
tive dashboards, office equipment, tele- 
communications, industrial and medical 
instrumentation, plus an entire range of 
other applications. 

With the combined strengths of it’s parent 
companies — Asahi Glass and Mitsubishi 
Electric — Optrex is a specialist in develop- 


ment, design, and the manufacture of LCD's. 


The vast selection of standard LCD products 
by Optrex consists of: 
e Seven-segment display panels 
e Alpha-numeric dot matrix modules 
with on-board character generator 
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e Full dot graphic modules 
Options include: 

e E/L backlighting 

e Wide temperature range displays 
With the combination of selection, avail- 
ability, price, and above all, quality, you can 
see why so many have chosen Optrex LCD's. 


Call the OPTREX LCD specialists at: 


ASAHI GLASS EMP. CORP. 
26533 Evergreen Road, Suite 533 
Southfield, Michigan 48076 U.S.A. 


és OPTREX CORPORATION 


Telephone (313) 557-0018 
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Finding High 
Technology In 
America 

Is As Easy As 
AEG 
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Advanced technology from AEG 
impacts electrical and electronic 
equipment, communication and 
information systems, automation 
and power applications. Our 
products can be found ina 

multiple of industries and defense 
applications — on earth and in outer 
space. 


We've made locating the source for 
this high technology easier by 
shortening the name by which we 
were recognized world-wide: 

from AEG-TELEFUNKEN to just 
simply AEG. 

The new name is short, it’s 
international and it’s memorable. 
Our 100 year old tradition of quality 
and commitment to technological 
advancement has not changed. 


High Technology... As Easy As AEG 
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To find out more about the full line 
of AEG products contact: 

AEG Corporation, 

Route 22 - Orr Drive, PO Box 3800, 
Somerville, NJ 08876-1269, 

(201) 722-9800 
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COMPUTER-AIDED 
ENGINEERING 





RPR246 routing processor and a 
hardware accelerator operate in 
parallel. Upgrades of the V03, 
$20,000 to $60,000; 2-station V04 
system, $179,980. 

Calay Systems Inc, 2698 White 
Rd, Irvine, CA 92714. Phone (714) 
863-1700. TLX 6711821. 
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COLOR DISPLAY 


The Workview Series now offers 
color displays. This enhancement 
accepts IBM-compatible color 
cards, including the IBM color- 
graphics adapter and the IBM en- 
hanced graphics adapter. Four ver- 
sions are available: an entry-level 
system, a digital-design system, an 
analog-design system, and an ana- 
log-and-digital design system. The 
entire series runs on IBM PCs and 
compatible computers. From $3500. 
Viewlogic Systems Inc, 33 Bos- 
ton Post Rd W, Marlboro, MA 

01752. Phone (617) 480-0881. 
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SCHEMATIC EDITOR 


This package for schematic capture 
and net-list extraction, Ski Cap, 
uses Autodesk’s AutoCAD for its 
base software. You can connect com- 
ponents either by drawing lines be- 
tween symbols or by associating the 
symbols via a common signal name. 
The library provides TTL and 
CMOS components. The net-list 
generation utility accepts single- or 
multiple-page schematic diagrams. 
The package also features a net-list 
linkage editor and postprocessor 
that creates a net list containing a 
consolidation of all nets from each 
page of a complete diagram. $1500; 
demonstration package, $50. 

Micro Design Automation, 1260 
Clearmont St NE, Bldg 5, Palm 
Bay, FL 32905. Phone (805) 725- 
8081. 

Circle No 362 


EDN January 23, 1986 


A quality line of 1% metal 
film 100 PPM, % watt resistors. 


Metal Film 
Resistors 


Manufactured to the same high standards of reliability as 
our Delevan Division’s Inductive Components. Produced in 


the U.S.A. at our new facility in Arcade, New York, they are 
ideal replacements for carbon film or composition 


components. 


@ 10Q through 1.0 MEG Q 
@ Rated voltage 250 VRMS 


MAX. 


m —55°C — +155°C 
For further information contact our Delevan Sales 

Office: 270 Quaker Rd., East Aurora, NY 14052-0449. 

Phone (716) 652-3600. On West Coast call: (714) 768-5522. 


RESISTIVE PRODUCTS 
Division 
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FOR 
YOU 





YOU'RE 
READY 


CAD, 
BISHOP'S 
READY 


m Exceed MIL-R-10509 
type RN55D_ 

m@ Standard E.|.A. packaging 
5000 parts per reel 





AMERICAN 
@B PRECISION 
INDUSTRIES INC. 
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Dealer 


Inquiries 


Invited 





Bishop Graphics introduces its unique, new, low-cost 
CAD/CAM System for printed circuit board design, 
layout and manufacturing applications... QUIK 
CIRCUIT: You can master Bishop’s Quik Circuit 
the very first day, and design printed circuit boards 
up to 30” x30” with a full range of standard or 


custom pad sizes and shapes; circuit traces of 


virtually any width; squares, holes, feed throughs, 


etc. for single, double or multilayer boards. 


And, you can get finished boards directly 
from your design data. Find out how. Call 


toll-free (800) 222-5808 for the name of your 


nearest Bishop CAD dealer, (818) 991-2600 in 








Alaska, Hawaii and California. 


The Innovators 


Bishop Graphics, Inc. 


5388 Sterling Center Drive 


Telex: 66-2400 Bishop WKVG 
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Westlake Village, CA 91359 U.S.A. 
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NEW PRODUCIS: COMPUTERS & PERIPHERALS 











COMPUTERS 


Microcomputers in the 5000 Family 
perform continuous calculations on 
large sets of data in real time. The 
five computers in the series come in 
table-top, pedestal, and cabinet con- 
figurations with as many as four 
68020 CPUs. RTU, a real-time 
Unix-based operating system, of- 
fers compatibility with Unix System 
V and Berkeley 4.2 BSD. The tri- 
ple-bus architecture includes a Mul- 


tibus and an STD+Bus to increase 
data paths and add peripherals. The 
computers support Ethernet 
TCP/IP and X.25 communication 
protocols. Additional features in- 
clude a floating-point arithmetic 
processor and a 2-way associative 
cache memory. These uCs offer 
data-acquisition rates to 1M sam- 
ples/sec and computation speeds 
that range from 0.7 to 10 MIPS or as 
many as 18M flops. You can choose 
such graphics options as window 
managers and monitors with resolu- 
tions to 1152x910 pixels. $15,000 to 
$250,000. 

Masscomp Corp, 1 Technology 
Park, Westford, MA 01886. Phone 
(617) 692-6200. TLX 7043853. 
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PROGRAMMER 


The Series 1000 device programmer 
uses an 8-MHz 8188 CPU to pro- 
gram as many as 30 devices in paral- 





lel. You select programming com- 
mands, command options, and 
device names from scrolling menus 
on a 2-line LCD. The Scooptool lets 
you slide devices out of the manufac- 
turer’s tube directly into the pro- 
grammer sockets. Socket isolation 
identifies single-device failures be- 
fore they affect other sockets. Auto- 
calibration monitors programming 
and supply voltages. The unit pro- 
vides a safe power-down feature and 
self-diagnostics. It handles 24-, 
28-, 32-, and 40-pin EPROMs, 


EKEPROMs, one-time-programma- 
ble PROMs, and microcontrollers. 
The programmer comes in three 
configurations: The Duplicator pro- 


i oughout the disk drive industry, the Fujitsu name stands for proven 


echnology, superior performance and unmatched reliability. 
Throughout the world, the name represents a company that comes through 








with products instead of promises. 

And when it comes to 514” Winchester disk drives, Fujitsu America has a new 
172MB drive, with units available today for your evaluation. 

It's the newest member of our 514” disk drive family—and it’s based on the same 
proven technologies. It's fully compatible with industry standards. And it gives you 
a significant price/performance advantage. 

This drive represents a major step in the evolution of your multi-user system. And 
Fujitsu America has the technology, the strength and the experience to help you 
continue on that growth path. 


COMPUTERS & PERIPHERALS 








grams only from a master device, 
the Downloader accepts data from 
either a master device or a remote 
computer, and the Virtual Memory 
Programmer uses an IBM PC’s disk 
storage to extend the 1M-byte 
RAM. From $6500. 

Data I/O Corp, 10525 Willows Rd 
NE, Redmond, WA 98073. Phone 
(206) 881-6444. 
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HARD-DISK DRIVES 


Internal Winchester disk drives in 
the FlexStor Series come in capaci- 
ties of 25M to 80M bytes. Each is 
equipped with BackTrack, a soft- 
ware program that automatically 
backs up your files. Model 5525i, a 
25M-byte half-height unit, costs 
$1195. Model 5535i offers 35M bytes 
of storage in a full-height chassis for 
$2395. The 50M-byte Model 5550i 
and the 80M-byte 5580i are full- 
height drives that cost $2595 and 


$3595, respectively. The Model 1000 
full-length controller card costs 
$395. 

Tallgrass Technologies Corp, 
11100 W 82nd St, Overland Park, 
KS 66214. Phone (913) 492-6002. 
TLX 437121. 
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TRANSLATOR 


Providing uniform translation over 
five channels of operation, the 
Model 80 translator works with the 
manufacturers LAN/I and 
LAN/PC to let you combine three 
networks on one broadband cable 


system. The unit requires no adjust- 
ments to use one or any combination 
of three channels. It provides net- 
work tolerance to large input sig- 
nals that might contaminate a 
broadband network. Using the 
translator, the LAN will function 
properly when you apply one 18- 
dBmV input signal or two 15-dBmV 
signals. $590. 
3M Interactive Systems, Dept 
IP85-32, 38920 Varsity Dr, Ann 
Arbor, MI 48104. Phone (612) 733- 
1186. 
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PC SPEECH 


Your IBM or Apple PC can talk if 
you provide it with the Votalker, a 
pe-board and software product for 
speech synthesis. Featuring four 
preprogrammed voice patterns, the 
Votalker is based on the manufac- 
turer’s proprietary SC-02 speech 
chip. Software translators enable 








this name represents 
built into these 514’ drives. 


So no matter what capacity 514” drive you need, you can be sure of its performance, 
reliability and delivery. We keep close control of all three by manufacturing virtually every 
component of our drives ourselves. And we recently opened a plant that adds 220,000 
square feet to our 514” and 314" manufacturing capacity. Model 22332235 M2243 M2246E 

For more information about Fujitsu’s fullfamily Grin 13 27 a6. V2 
of oA" drives, call (408) 940-8777. Or write Fujitsu os ee ee ies Sore Seip ESDI 
America, Inc., Storage Products Division, 3055 TransferRate(KB/sec) 625__625___625__1250 
Orchard Drive, San Jose, CA 95134-2017. oe So 

When you want the best in data storage technology 
—and you want it now—just remember our name. 
































me 
FUJITSU 
We're developing technology for you. ee 
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your personal computer to speak 
with 32 inflections, sing in five oc- 
taves with 4096 pitch settings, and 
generate sound effects in 16 ampli- 
tudes. You can customize voices 
through two speaking modes and a 
voice filter; keyboard input isn’t re- 
quired for these switch-activated al- 
terations. The Votalker’s board 
plugs into a slot in your computer. 


The software includes a_ look-up 
table for proper pronunciation of 
difficult words. An external speaker 
jack is included. Votalker AP 
(Apple), $179; Votalker IB (IBM), 
$249. 

Votrax Inc, 1394 Rankin St, 
Troy, MI 48088. Phone (800) 521- 
1350; in MI, (313) 588-0341. 
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MODEM 


The only operating power that the 
Model 83 modem requires is derived 
from your computer’s I/O signals. 
This short-haul modem with bidi- 
rectional control and handshaking 
capability provides full-duplex 
transmission from de to 19.2k bps 
through two twisted pairs. You con- 
trol the modem remotely via its 
RS-232C connector or via a manual- 
ly controlled switch. Error-free op- 
eration is ensured by the modem’s 
differential baseband-signaling 
techniques and by common-mode 
signal rejection. As an option, you 
can substitute a modular RJ11 
phone connector for the standard 
4-wire interface. The modem mea- 
sures 2.2X3.5X1 in. $68 (100). 





The Reason 
Is Clear... 


Simpson 
260 VOM 


Has Features 
No Digital 
Can Match! 









2 i tost Telebyte Technology Inc, 270 E 
260° Pulaski Rd, Greenlawn, NY 11740. 

Series 7 Phone (516) 423-3232. 
$119 Circle No 368 


“Instant” null, peak, trend and continuity indications 
High immunity to transients, RF interference 

dB measurement capability at no extra cost 
Resistance indication from zero to infinity 
Self-powered voltage, current and dB ranges—no batteries to fail 
Reliable, accurate performance even under extreme environments 
Easy, low-cost maintenance—no expensive ‘‘chips’’ to fail 

UL Listed per UL-1244 Standard for Safety—Electrical and 
Electronic Measuring and Testing Instruments 

Complete line of UL recognized accessories 

Options include mirrored scale, extra overload protections, roll top 
Carrying case 


See the World Famous 260 Series 7, the 260-6XL, the 270 and the Pocket-Size 160°® 
at Leading Electronics/Electrical Distributors 


SIMPSON ELECTRIC COMPANY 


853 Dundee Avenue, Elgin, IL 60120 
(312) 697-2260 © Telex 72-2416 ¢ Cable SIMELCO 


Canada: Bach-Simpson Ltd., London, Ontario 


i 
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68000 SYSTEM 


Featuring a 10-MHz 68000 CPU, the 
Zebra 3750 computer includes 512k 
bytes of zero-wait-state RAM that 
you can expand to 2M bytes. The 
standard 64M-byte fixed Winches- 
ter drive has a 30-msec access time 
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(818) 846>4191 
BURBANK, CA 


(413) 267-5561 
MONSON, MA 
















280 Page | 
Catalog & 
Design Guide. 
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One Stop Shopping, e| 


| DEEP RRAWN ALUMINUM ENC VOSURES _| CABINETS, CONS@LES., ACCESS DRIES 
Over 40,0Q0 standard sizes. Seamj és, draft free, New, expanded lines. oh gle or multt- -Ways, vertical, 
Vinlicelaas tole vances and hea delivery. slope-front and desk-top col diguratigns. All steel welded 
[? ALUMINUM ‘CARRYING GASES construction. Full range of accéSegpies and options. 
Five complete lifes for impifediate delivery from _| BLOWERS, COOLING SYSTEMS 
stock. Anodized or\extyfed vinyl finishes over deep Wide range of standards, in eley fear med Ki-angie 
drawn shells. ~~ discharge. Low noise. 200 to 12 00 CFM. Fulange 
ie | PLASTIC CARRYING CASES = of options. : ‘ 
Economical, yejr* fist nctiVa cases of high impact _. MIL-SPEC CASES AND @ABINETS | 
alclannlelelgaals, Mele item 1UaMls Cg ece. diaremeleielcc mel Save design and engineerifig time. Simpie part number 
ele: telelat:lm*s(ele(cemeciety- le) cma, *) ping/storage cases. ordering assures compligfhce to ail major specs. 
_ INSTRUMENT a ermesel-1s _. CHASSIS SLIDES oh 'D ACCESSORIES 
- Elegge ce -and versatility with a full’ ange of accessories. Capacities from 80 to 275 lbs /pair. Roll formed steel or 
89”, 17" and 19” panel widths. HeigMs from 31%” to 26". sgbealai isc Sroad selg tion of handies, retractors, etc. 


Send Literature Only, Circle 4 i Me, | rm] terested, Circle 44 
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and can support overlapped data 
searches in multiple disk configura- 
tions. The basic system also in- 
cludes a %4-in. streaming-tape drive, 
six asynchronous serial ports, one 
parallel printer port, and an inter- 
nal uninterruptible battery-backup 
power supply. A control panel with 
a keylock switch prevents unauthor- 
ized use of the system; it also con- 
tains a reset switch, CPU status 
lights, power-on and battery-in-use 
indicators, and disk-drive activity 
indicators. $29,750. 

General Automation Inc, 1045 § 
East St, Anaheim, CA 928038. Phone 
(714) 778-4800. 
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DISK SYSTEM 


Designed for use with an IBM Se- 
ries 1 minicomputer, the Certainty 
220 disk system provides 64.5M 
bytes of data storage on a 5%-in. 
fixed disk. The disk drive stores 


232 





data on the nine data surfaces of its 
five disk platters. Average data- 
access time is 35 msec. Each disk 
features a dedicated head-landing 
area for locking down the data heads 
when you turn off power to the disk 
system, protecting stored data from 
damage when the drive isn’t in use. 
The system’s price includes a con- 
troller, cables, installation costs, 
and an operating manual. From 
$6500. 


Control Data Corp, 2200 N Berk- 
shire Lane, Minneapolis, MN 55441. 
Phone (612) 853-8096. 
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MONITOR 


The IDT2000 green phosphor CRT 
lets you display one size-B drawing 
(11x17 in.) or two A-size drawings 
(842X11 in.). The 19-in. monitor fea- 
tures 2048x1536-pixel resolution. 
Its graphic controller provides 
video frequencies to 200 MHz, a 
programmable screen format, and 
panning and scrolling functions for 
eight to 16 windows. The screen 
allows you to display large technical 
drawings or two A-size drawings 
simultaneously for comparison and 
correction. $14,900. 

Image Peripherals Inc, 42 Nagog 
Park, Acton, MA 01720. Phone (617) 
263-4005. 
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New Unitrode IC Can Drive Switchers To 1 MHz! 


The barrier of slow logic control in switchmode = CURRENT SENSE Try the UC3825 for yourself. Fill in the 
power supplies has been broken! coupon for a 1.5MHz Power Supply Evaluation 

Unitrode’s UC3825 series is a new generation Kit. Send a check for only $28, and you'll get a 
of high frequency pulse width modulators Tes UC3825 and all the piece parts and literature 








optimized for use through 1 MHz. ne to build a 50 Watt DC-DC converter. Or order 
Propagation delay is minimized through the \2 the “UC3825 Kit’ through our distributor, 

comparators and logic circuitry while the band- \~ Hamilton-Avnet. 

width and slew rate of the error amplifier are \ Unitrode Integrated Circuits 

maximized. The result is an 8 MHz bandwidih \ 7 Continental Boulevard 

error amplifier with a slew rate of 12V/s and a Dacca Merrimack, New Hampshire 03054 

50ns propagation delay from PWM or current limit ~ ~ *® Telephone: (603) 424-2410. 

comparator fo output. : —_—— —-——-—-_—- - ------ 


"please send me a 1.5MHz Power Supply Evaluation Kit so that 


Other features include start-up current less than 1.0mA, : 
| can try the UC3825 for myself. Enclosed is a check for $28. 


protection circuitry you've come fo expect 


: | 
TNT q trimmed bandgap reference, and all the | Be 8 cies tr eccry orriers:) 
from the leader in PWM's. | Name: 
There's more! All this fast logic drives dual high speed | Company: 
totem pole outputs designed to source and sink 1.5 | Street: 
amp (pk) from highly capacitive loads such as power | City: State: Zip: 





MOSFET gates. i | 
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In a demanding environment, you have to demand the best. Ferranti supplies. 

With 18 years’ experience in hybrids and the backing of the total engineering 
resources of Ferranti plc, we offer BS9450 build standards and supply thick and thin film 
hybrids for rugged environments such as offshore and critical demands in the medical field. 
And we span the spectrum in digital, analogue, passive, 
display and optoelectronic techniques. | 

In addition, we supply thin film chip resistors 
(0.01% tolerance) and networks, with their superior associated 
characteristics, to thick film manufacturers. 

Precision microwave stripline circuits are supplied 
on a variety of substrate materials. | | 

Packaging expertise for controlled thermal | 

management is available — the unique Ferranti H.E.L.P and FER RRANTI 


DEPTH. systems. MAlCe coral [oltre] al(e-2@1c0) 0] 0) 








Ferranti Defence Systems Limited, Microelectronics Group, Ferry Road, Edinburgh EH5 2XS, Scotland. Tel: 031-332 2411 Telex: 7214) | : 
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The most precise, | 
the most flexible — 
control of power 

you can buy. 
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THE POWER SUPPLIER™ 











KEPCO. 


— | THE POWER SUPPLIER™ 











KEPCO POWER 





MANAGEMENT 
SYSTEMS 


consist of components 

that work perfectly together 
because they were designed 
to work together: 


Kepco Power Manager™ and 
Kepco Digital Interfaces 


The Kepco concept of Power Management, i.e., fast, 
accurate programming of voltage and current, was born more 
than three decades ago with the development — by Kepco — 
of the first programmable power supply. About a decade later, 
20 years ago, we introduced the first programming interface. 
From their inception these components were designed to 
offer, both singly and as a system, a degree of control that 
was not only far beyond anything else available, but also far 
beyond the requirements of the time. Our programmable 
power supplies also included features (like “uncommitted 
amplifiers” and fast programming capabilities) for which there 
was then little demand, and for which many people could not 
even foresee a use. 

Because Kepco has remained committed to the 
programming concept, today’s Power Management Systems 
represent 30 years of improvement, refinement, and the 
incorporation of advancing technology. Today they offer a 
degree of control well beyond the capabilities of their 
predecessors — and are therefore still far ahead of anything 
else available. And so, while the requirements of the times 
have moved much beyond what they were in the 1960s, the 
Kepco Power Managers — and only the Kepco Power 
Managers — are well able to cope with them. 


Kepco Power Managers 


Power Managers are linear programmable power supplies 
designed to the operational power supply concept, patterned 
on the control possibilities inherent in a high gain, offset 
zeroed, operational amplifier. They have been especially 
designed for programming applications using either analog or 
digital control signals, and can scale a uniform 0-1V/0-10V 
(rangeable) or 0 to +1V/0 to +10V (bipolar) control signal into 


any desired output up to 1000 Volts and 1000 Watts, in some 
hundred different Volt/Ampere combinations. They give you 
maximum rated voltage and maximum rated current a 
simultaneously, with full zeroing; and offset trim in both the 
voltage and current control channels. Additionally, the gain | 
fixing resistors are a precision matched pair, so that power 
supplies may be substituted without recalibration. 


The Kepco Power Managers are unique in two respects: 


First, they are uncompromisingly linear — i.e., all 
stabilizing and controlling are done by the transistors 
constituting the series pass element. 

Second, all nodes are accessible from the outside. Any 
element of a Power Manager’s control assernbly can be 
connected to any other through the external ‘‘Rear 
Programming Connector,” the simple plug shown, which 
mates with a 50-pin user port. It can be configured any way 
you want, and reconfigured any time you want, by merely 
removing some wires and adding others — inside the plug 
itself. 





Rear Programming connector for a Kepco Power Manager 
configured for three different modes of operation. 


It is the Power Managers’ uncompromising linearity that 
enables them to control voltage to 0.001% and current to 
0.005%, from zero through their entire range; and to respond 
to programming step inputs in microseconds — also over their 
entire range. Only series pass control can give you such 
speed and accuracy, which derives from the fact that energy 
can be very quickly and precisely switched between a load 
and a lossy element. 

But series pass control gives rise to considerable 
dissipation, because energy not immediately needed by the 
load is dissipated as heat. Most power supply manufacturers 
try to limit this dissipation with techniques like fold-back 
current limiting, tap switching, and switch mode operation of 
the control element. These tricks, however, greatly 
compromise speed, repeatability, and linearity in the control 
loop, or introduce such noise as to mask the small signal 
resolution of the system. 

Kepco considers dissipation in the series-pass design not 
an unwanted by-product of an inefficient system, but a 
desirable form of energy storage. Energy can quickly be 
redirected from dissipator to load and vice versa. The system, 
when unencumbered by dissipation-limiting tricks, can turn 
the power to your load on and off in microseconds, and meter 
it in increments as small as 100 ppm. 

The principal reason most manufacturers choose to inhibit 
dissipation is that they can’t remove the heat that results from 
the dissipation fast enough to prevent dangerous temperature a=» | 
increases. \ 

Kepco can. Our patented forced air heat sinks with integral 
fan remove heat so effectively that temperature rise is as little 
as 0.1°C/Watt. Thus while the Kepco Power Managers 
dissipate quite a lot, deliberately, they run cool, by design. 
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Kepco’s patented heat sink, 
with transistors mounted in TO-3 containers. 


The Kepco ATE and BOP Power Managers employ a 
variable reference/fixed gain format. One advantage of this 
format is that it affords excellent protection to the power 
supplies’ sensitive null junctions (the input point of the control 
amplifiers where the input signal joins the feedback signal) 
while controlling high voltage and high power, without the use 
of protective diodes and resistors. The leakage characteristics 
of these components, necessary in the conventional fixed 
reference/variable gain format, is another factor severely 
limiting the performance of most power supplies. 

Another advantage of the variable reference/fixed gain 
format is that the roll-off characteristic is constant for all output 
settings, making the Power Managers stable over their entire 
range. 


To provide the variable reference this format requires, 
separate op-amps are employed to convert a stable 6.2V 
~ temperature-compensated reference voltage into a linearly 
adjustable 0-10V control signal. This signal is linked to the 
main voltage amplifier (which has a voltage sensing feedback) 
and the current control amplifier (which has a current sensing 
feedback) through the Rear Programming Connector. 


It is the accessibility of all their nodes through the Rear 
Programming Connector that gives Power Managers the 
flexibility no other power supplies can even approach. 

Simply rewiring the external Rear Programming Connector* 
changes the very nature of a Power Manager. With one 
configuration it’s a voltage supply, with another it’s a current 
supply. By rewiring the plug, a single Power Manager can be a 
self-powered, oversized op amp, a servo amplifier, or a 
feedback stimulated current or voltage stabilizer. And that’s 
only the beginning. Included in the Power Manager’s control 
assembly are two “uncommitted” high gain amplifiers (which 
are also zeroable). As delivered, they are connected to 
nothing. But they can be connected, by simple rewiring of the 
Rear Program Connector, to give you voltage or current  . 
control with a two-terminal resistance, or with a high BGS. ccoco powen suri VS curco Howen cuemy TO xerco pownn sume. 
impedance variable voltage source. Or to scale, sum, invert, ; 
or integrate incoming signals. Or to do all sorts of exotic 
things, limited only by your imagination. 

Interfacing with a Power Manager is also simply a matter of 
rewiring the Rear Program Connector. With the plug wired 
one way, the Power Manager is controlled by 10-turn front 
panel controls. By simply severing the link between the 
voltage control output and the voltage comparison amplifier 
(which is merely a matter of removing one wire from the plug), 
its voltage control channel can be programmed over its entire 
rated range by a zero to 10 Volt d-c signal. The current control 
channel can be similarly programmed. And both channels can 
be controlled simultaneously. 

- Since both the voltage and the current control amplifiers are 
zeroable and the sources of signal can be calibrated in terms 
of their full scale value, the only remaining variable is the 
linearity of the adjustment from zero to full scale. This is 
linearized by having at least 80 and typically 100 dB of closed 
loop feedback for a residual error in the range of 10-100 ppm 
*Many of our customers prefer to keep a number of prewired plugs on hand, which 


makes changing from one mode of operation to another literally a matter of 
minutes. 





BLN BPEL SOE IO lites INANE IETY OL ELE SEN OT AB 
rea SEER HE ROSEN ONES OE NEON E OE ITS DT 





— well within the resolution, for example, of the 12-bit digital- 
to-analog converters in Kepco’s digital programming 
interfaces, which are guaranteed monotonic to within 1/2 LSB 
or 0.012%. In a Kepco Power Management System, 





Power Management System assembled by Kepco, 
being computer-tested prior to shipment. 


therefore, with a Kepco Digital Interface driving a Kepco 
Power Manager, the performance of the System is defined 
almost exclusively by the characteristics of the digital-to- 
analog converter in the interface. 

The leads from the controlling source are connected to the 
Power Manager through that same external plug (or, in some 
models, through inputs provided on the front panel), and can 
come from an analog source, or from a digital source via a 
Kepco Digital Interface. 


The Kepco Digital Interfaces 


The digital interfaces were created to take full advantage of 
the Power Managers’ precision and speed of response, by 
allowing them to be controlled by a computer or digital 
controller. The Interfaces translate 12-bit digital signals into a 
zero to 10V or zero to 1V variable d-c signal. Such 
programming is possible only because the Power Managers 
offer zeroing controls over the offset voltage and current on 
both the voltage and current channels. And, because they 
have 0.001% stabilization and noise levels significantly below 
that, 12-bit resolution is 0.024%; at 10:1 that becomes 
0.0024%, well within the Power Managers’ range. 

Some Kepco Interfaces communicate with a computer via 
the IEEE bus, others via buses using bit parallel data transfer 
for faster transfer rates. Our interactive Model TLD 488 
responds to commands in CIIL (Control Interface Intermediate 
Language) over the IEEE 488 bus, and also listens to 
responses from the Power Managers under its command, 
translates those responses into CIIL and passes them back to 
the computer. It can control up to 16 Power Managers at once, 
and not only can it single out a specific one to give a specific 
command to, but it knows which response came from which 
Power Manager. 

The digital input and analog output of the Kepco Interfaces 
are optically isolated, so that their outputs may be used to 
control Power Managers which are also connected to other 
voltages or are grounded via their positive or negative output 
terminals. 

This isolation is essential in automatic test systems, 
because the power supply for the digital I/O in most 
computers is grounded to the main frame, which is connected 
to the a-c power line. If not isolated, therefore, one of the 
Interface’s output terminals would be connected to the 
computer's digital input common line, forming ground loops 
which could impair system operation and damage the 
computer and instruments. 
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TLD 488-16. 

THE TALK AND _ 
LISTEN DIGITAL 
INTERFACE 


When you command a power supply to go to 
a specific voltage or current setting, how do you 
(or more specifically, how does your controller) 
know whether the command has been obeyed? 

If you’re using a TLD 488-16, your Power 
Manager can talk back. It'll not only tell you 
whether it obeyed your command, but if it 
didn’t it'll tell you why. 

If, for example, you told it to go to 18 volts and 
it can’t because that would cause an overload — 
it'll tell you. 

Furthermore, the same TLD controlling that 
Power Manager can be controlling as many as 
15 others at the same time. 

Your controller communicates with the TLD 
via the IEEE-488 bus, and issues commands in 
CIIL at the level of protocol established for 
MATE (the Air Force’s Modular Automatic Test © 
Equipment system). It can tell the TLD to have a 
specific Power Manager go to a specific current 
setting with a specific voltage limit, or voltage 
setting with current limit. 

If a Power Manager cannot obey a command, 
it responds with a flag which the TLD translates 
into ClIL and passes back to the controller as an 
“error message.’ These are the error messages 
it can send: crowbarred, overload, voltage 
comparison error, current comparison error, 
relay not closed or not open (referring to 
optional isolation relay TLR 25 or TLR 200), 
device not present (/.e., NO power supply was — 
plugged into that particular input/output port), 
no device selected, voltage out of range, and 
current out of range. The TLD also has a 
discrete fault (or “status monitor’) line to report | 
a catastrophic failure in itself or in the power 
supplies it is programming and monitoring. 

The TLD itself is capable of detecting errors in 
the commands it receives (e.g., a command 
that uses an unrecognizable op code, or is 
incomplete, or doesn’t use the proper : 
terminator), and will inform the controller that it 
has made an error. 

The TLD also translates the desired voltage 
or current settings into percentages of full scale, 
so that you can give your commands directly in 
Volts or Amps. What enables the TLD 488-16 to 
do this for 16 different power supplies at once is 
a special version of the Rear Programming 
Connector, called PCA. There’s a PCA for every 
ATE model (BOP models use a plug-in card, as 
explained on the back page of this brochure). At 
turn-on, the TLD scans all the Power Managers 
under its command, and electronics in each 
PCA informs it of the voltage and power ratings 
of each of them. The TLD promptly memorizes 
this information, and uses it to calculate — for 
each Power Manager individually — what 
percentage of full scale a given voltage or 
current setting is. 

The TLD consist of one single-board 
microcomputer which uses the 8088 CPU 
microprocessor, and as many as four plug-in 
analog boards (TL 488-4A, for controlling up to | 
four ATEs, and TL 488-4B for controlling up to 
four BOPs), with which it communicates via the 
MULTIBUS* interface. The outputs of the 
boards are optically isolated from each other 
and from the digital interface circuit. 

The unit is self-powered and has a yey 
efficient cooling system. 


"The MULTIBUS is a trademark of the Intel Corporation. _ 
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Isolation Relays TLR 25 and 


TLR 200 4 

Kepco offers two isolation relays which can be - iL. [al 
interposed between the power supply andthe : |, | 
load in accordance with MATE system 
requirements: TLR 25, rated at 25 Amps, and © 
TLR 200, rated at 200 Amps. They are operated ) — mpsee-16 
by the TLD 488-16 through a separate, discrete i 
interface and “I/O Isolation Relay Port’, and 
respond to the CIIL commands “open” and 
“close”. The address of each relay is set with a 
dip switch on the back of the relay. 

These relays are mounted behind the power 
supply on Adapter ADR 1, which bolts on the © 
back of full rack ATE or BOP models and holds 
one TLR 200; or on Adapter ADR 4, which holds 
four TLR 25s and bolts to the back of a special 
7"-high rack drawer called RA-41. 


Teepe ea eatin 





Sash 


Isolation relays Relay adapters 


MODEL | AMPS MODEL| BOLTSTO... HOLDS... 

TLR 25 25 ADR 1 |Back of full rack ATE 1 TLR 
or BOP 200 

TLR 200} 200 ADR 4 |Special 7'’-high rack 4TLR 
drawer, RA-41 25s 


Isolation relays installed in rear of 
Power Management System. 














Isolation relay 
TLR 25 


Isolation relay 
TLR 200 
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SERIES ATE. 
THE FAST 
AND SLOW 
POWER 
MANAGERS 


These Power Managers are equipped with large 

~ output and feedback capacitors which can easily be 
connected or disconnected by the user. 

‘When they’re connected, these capacitors provide 
the filtering and energy storage required for varying 
load current. That's the “slow” mode. Disconnecting 
_ them puts the ATE into its ‘fast’ mode of operation — 

_increasing its bandwidth about a thousand times — so 
_ it can deliver constant current across a rapidly 
changing load voltage, or follow high speed voltage or 
current programming. In the fast mode, the 6-volt 
ATEs’ programming time constant (their response to a 
programming step input) is 3.usec. 

Another important feature of the ATE Power 
Managers is their programmable overvoltage crowbar 
which can be manually set, be programmed, or track 
the signal controlling the output voltage. 
















QUARTER RACK 50W 
MODEL __| VOLTS | AMPS 


ATE6-5M___| 0-6 | 0-5 | | ATE 55-1M 
ATE 15-3M ATE 75-0.7M 
ATE 100-0.5 











M | 0-100 
















VOLTS | AMPS 
0-100 | 02.5 
0-150 
0-325 


















MODEL VOLT 











ATE 6-100M_ | 0-6 | ATE 55-20M_| 0-55 | 0-20 _ 
[ATE 36-30M_| 0-36 0-150 
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SERIESBOP. 


THEPLUS 
AND MINUS, Es. 
SOURCE AND SINK 
POWER | — 

MANAGERS 








Model BOP 100-4M 


BOP stands for “Bipolar Operational Power Supply,” 
which means that their output can be made to vary, 
linearly through zero, from plus to minus with respect to — 
common, through their entire voltage and current __ 
ranges. They can produce a stable d-c voltage inthe __ 


face of fluctuating current, or a stable current against — 


fluctuating voltage, at any setting from 100% negative _ 


to 100% positive. Or they can follow complex programs 
_which dance rapidly above zero, below zero, orabove 


and below zero. = == —seseEeEM 
“Bipolar” also means that the BOP can absorb 100% 


_ of its rated voltage or current when its voltage polarity 


and current direction are out of phase, or whenitsload 
suddenly turns around and becomes a source. | 


Thus the BOP operates in all four quadrants of the —s_—© 


Source-Sink plot. It is bounded in all four quadrants by 
four fully adjustable, programmable boundary limits. © 

The BOPs are also unique in that their digital-to- 
analog converter is a simple plug-in card thatcanbe 


installed either at the factory when you buy it, or in the. 


field later on. If desired, of course, the BOP will work . 
perfectly with our stand-alone SN or TLD interfaces. 


400 WATT 
MODEL ~ 


}BOP 50-2M__| 
BOP 100-1M | +1 


d-c OUTPUT RANGE 











200 WATT 


— geoururamce | 
MODEL E, max. L max. z : = 
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MANAGEMENT 
SYSTEMS AT 
WORK 


The Power Management System 
shown at the right, consisting of a TLD 
488-16 controlling five quarter-rack, three 
half-rack, one three-quarter rack, and 
one full rack ATE Power Manager, was 
put together, tested, and delivered as a 
unit by Kepco. Frequently, however, as in 
the three examples shown below, the 
Power Managers and Digital Interfaces 
are delivered as discrete components to 
the customer who integrates them into 
his own system. 


ALG $86.16 





Grumman uses one SNR 488-8 interface 
programming 11 ATEs in their CAT™ series 
automatic test systems. 





The Harris Corporation uses one single 
channel SN 488-121 and four dual channel 
SN 488-122 interfaces programming 10 ATEs in 
their AN/USM-484 Hybrid Test System. 


Ww RECO POWER SPR LY 





-~ ~ Honeywell uses one SNR 488-8 interface 
programming varying numbers of ATEs in their 
AEWTS and ETS Test Sets. 
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SERIES SN. STAND-ALONE DIGITAL 
INTERFACES FOR SINGLE OR MULTIPLE ~ 
CHANNEL OPERATION é. 


SN 488 is used with the IEEE-488 bus, and is 
available with one channel or with two isolated 
channels. If you buy the single channel model and 
later on find you need a second channel, you can 
buy a field-installable add-on channel. Output is 0 to 
+10V or 0 to +1V, selectable. SN 500 is the same 
as SN 488, except that it’s intended for buses using 
bit-parallel data transfer. 














SINGLE AND DUAL CHANNEL 
PROGRAMMERS, 1%4-RACK SIZE 


SN488- - 
MODEL| 121 | 122 | 031 | 032 | 121 | 122 | 031 
1 


NUMBER OF CHANNELS | 1 | 2 | 1 | 2 | 1 |] 2 [1 | 
Hex 


INPUT DATA ) 
CODING FORMAT ex | Decimal | — Hex 


RESOLUTION 3 Digit 


SNR Housings 


HOLDS 


SNR 488-8 | 8 Cards 





Interface cards 
MODEL DATA FORMAT | RESOLUTION 


SN 488-D | Decimal | 3-digit BCD | 


SNR 488-4 and SNR 488-8 are card cages into which you can plug four to eight dual channel 
programming cards SN 488-B and/or SN 488-D. Each card, when installed, is isolated from the others, 
and contains two independently addressable (but e/ectrically common) channels. All the cards use the 
same IEEE bus. The card cages contain an IEEE connector, an address select switch, a handshake 
card, a manual keyboard input connector, and local bus distribution for four to eight card sockets. 

The input of the SN 488-B is coded in 12-bit hexadecimal; the input of the SN 488-D is coded in 3-digit 
BCD. The output of both is 0 to +10V or 0 to +1V, selectable. 
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SERIES BIT. 
INTERNAL DIGITAL INTERFACES 
FOR SERIES BOP POWER MANAGERS 


These are the cards that either we plug into your BOP when you buy it, or you 
plug in later on, to provide an interface with either the IEEE-488 bus a 
or a parallel data bus. They are dual channel, and can control 
voltage while limiting current, or control current while limiting 
voltage. Output is 0 to +10V or 0 to +1V, selectable. 


RESOLUTION 
Principal Limit 
SUFFIX’) | MODEL‘? DATA FORMAT | Channel | Channel INPUT 
—488-B | BIT 488-B ASCII/Hex 12 Bits | 8 Bits | For IEEE-488 
(binary) | (binary (GPIB) bus 
—488-D | BIT 488-D | ASCII/Decimal | 3-Digit | 2-Digit | For IEEE-488 
(BCD) | (BCD) (GPIB) bus 
—500-B | BIT 500-B 8 Bits |For parallel data 
(binary) | (binary)| transfer bus 
—500-D | BIT 500-D Decimal 3-Digit | 2-Digit | For parallel data 
(BCD) | (BCD transfer bus 
(1) Add to model No. of the BOP to specify a factory-installed interface. 
(2) Use this designation when ordering separately for field installation. 

























PCA X-3. 
Internal Connector for BOP Power Managers, with TLD 488-16 
This card plugs into the same siot as the BIT card, and is 
used to connect the BOP Power Managers with the TLD 
488-16. It contains electronics that tells the TLD the voltage 
and current ratings of the BOP it’s plugged into, so the TLD Data subject to change without notice 
can translate voltage and current settings into percentages of © 1985 KEPCO, INC. Litho in U.S.A. 
full scale. The PCA X-3 contains voltage and current 
information for all the BOP models. 





_ 
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~NEW PRODUCTS: COMPONENTS & PACKAGING 








COLOR DISPLAYS 


SCD (solid ceramic display) devices 
use PLZD (lanthanum-doped lead 
zirconate titanate) to produce 7-seg- 
ment characters in more than 350 
colors. DIP-socket mounted, these 
displays offer either light characters 
on a dark background or the re- 
verse, in each of three viewing 
modes: reflective, transmissive, or 
transflective. They also offer typical 
+80° viewing angles and —40 to 
+85°C operation. They require 
190V typ drive signals and respond 
in 500 psec max. Available high- 
voltage drivers include the 75552 
from Texas Instruments. The dis- 
plays meet MIL-STD-202. SCD706, 
$25 (1000). Delivery, six weeks 
ARO. 

Motorola Inc, Ceramic Products 
Div, 4800 Alameda Blvd NE, Albu- 
querque, NM 87113. Phone (505) 
822-8801. TLX 4999100. 

Circle No 413 





KEYBOARD 


The KS 8300/AT keyboard is plug 
compatible with IBM PC and 
PC/XT computers but offers users 
of these machines the speed and 
convenience of the PC/AT’s stan- 
dard keyboard layout. IBM encod- 
ing is standard; ASCII and position 
encoding are available as options. 


EDN January 23, 1986 


The standard 19.2k-baud rate may 
be set as low as 1200 baud for special 
applications. A self-diagnostic rou- 
tine is automatically initiated at 
power-up, and this company’s IF 
key rollover circuit permits simulta- 
neous activation of as many as eight 
keys. Keyboards are available ei- 
ther in a conductive-elastomer or a 
mechanical-switch configuration. 
$125. 

Key Solutions, 10800 Norman- 
dale Blvd, Minneapolis, MN 55437. 
Phone (612) 884-7375. 

Circle No 414 





INDICATORS 
The Brite-Eyes BBE Series of sub- 
miniature indicators are available in 


red, white, yellow, green, and 
amber cap colors. You mount the 
indicator by inserting it in a 0.281- 
in. hole, and you replace the lamps 
from the front. Tools and mounting 
hardware are not required. Submin- 
iature incandescent lamps are of- 
fered for the popular supply volt- 
ages, and a 117V neon lamp is also 
available. $0.74 (1000). 

Shelley Associates, 14281 Cham- 
bers Rd, Tustin, CA 92680. Phone 
(714) 669-9850. 

Circle No 415 


CERAMIC CAPACITORS 


These high-voltage multilayer ce- 
ramic capacitors are fully tested for 
a corona level of less than 50 
picocoulombs at the rated Vims and 
less than 10 picocoulombs at 80% of 
the rated Vims.- This low corona level 
in the capacitor body increases the 
component’s reliability, according to 
the manufacturer. Capacitors are 





available with values from 10 pF to 
0.22 wF, with voltage ratings from 
500 to 3500 Vim;. $8 to $30 (100). 
KD Components, 3016 S Orange 
Ave, Santa Ana, CA 92707. Phone 
(714) 545-7108. 
Circle No 416 





PANEL METER 


The HY6300 is a 3.5-in. digital panel 
meter with 0.4-in.-high LCD digits 
and balanced differential analog in- 
puts. It comes in a watertight com- 
pact package less than 0.5-in. deep 
and operates in harsh environments 
over 0 to 50°C. The device contains a 
custom hybrid circuit that can mea- 
sure voltages from 100 pV to 200V 
and currents from 100 nA to 2A. It 
measures resistance from 10 to 20 
MQ. The meter is powered by a 9V 
battery requiring 12 mW of power 
or a 5V supply. $34.95. 

Hytek Microsystems Inc, 980 
University Ave, Los Gatos, CA 
95030. Phone (408) 395-2300. TWX 
910-597-5393. 

Circle No 417 
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COMPONENTS & PACKAGING 








KEYSWITCHES $0.15 (10,000). 
CDS-PR Series keyswitches are Centralab Inc, 5855 N Glen Park 


spst NO momentary-action switches Rd, Milwaukee, WI 53209. Phone 


that spec a contact rating of 50 mA (414) 228-7880. 
at 20V dc. You can mount these 
keyswitches in a 0.1-in. pc-board 
layout grid. They are compatible 
with automatic soldering and clean- 
ing processes. The units feature an 
operating range of —10 to +70°C. 


Circle No 418 





DIN CONNECTORS 


a : The RNE Series standard and in- 
——_. | | verse DIN 41612 connectors feature 
<a _ selective loading of extended pins. 
The pins provide first-to-make, last- 
to-break ground contacts that pro- 
tect sensitive CMOS circuitry from 
static discharge and high-voltage 
shock. The series is available with 
32, 64, or 96 pins in either straight- 
or right-angle-mount styles. $0.04 
per contact (100). Delivery, eight 
weeks ARO. 
Robinson Nugent Inc, 800 E 8th 


NOW! On-Line, On-Board, Built-In | So sie OT Phone 
Test and Troubleshooting Circle No 419 


You can now design powerful new features into your products 

with LSTI’s revolutionary Testability Chip Set. It gives you: 
#® Built-In Fault Isolation 
@® Built-In Visibility and Control 
® Built-In Cost Reduction 

Whether you’re designing with SMT or through-hole technology, 
the Testability Chip Set gives you full speed on-board windows into 
your functional circuits. With added visibility and control, test and 
troubleshooting times can be reduced by 40% or more in engi- 
neering, production and service. 

No complex or expensive fixturing is needed. And with the Test- 
ability Chip Set you receive a complete Implementation Guide 
showing you exactly how to best implement this new* testability 
system for your particular design requirements and board config- 
urations. 


Stay on target with faster, better, lower cost testability. Phone us MOMENTARY SWITCHES 
now at (408) 374-3650 to get your hands on 














the SMT Testability Chip Set and Implemen- You can use the SMG Series ae 
tation Guide. tary key switches with dual-in-line 
It’s hard to find fault without us. packages. The manufacturer offers 


two button styles. You can select 

switches with or without LED illu- 

LOGICAL 96 Shereen Place mination; red, green, and yellow 

SOLUTIONS | suite 101. Campbell. CA 95008 LEDs are available. The switches 

e 5 a p 5 

TECHNOLOGY (408) 374-3650 © Telex: 172867 use a reliable mechanical contact 

INCORPORATED : ; : 
and have a service life exceeding 





“Patent Applied For 


CIRCLE NO 119 
244 EDN January 23, 1986 


IF YOU WANT 
THE FASTEST 64K PROM, 
YOU'LL HAVE TO 
PAY A LITTLE LESS 


The Fairchild 93Z565A. One 
of the first 64K PROMs on the 
market and still the fastest. 
Giving you access time of 45 ns. 

But that’s not all. 

Since we've been making 
them for over two years, we also 
know how to make them more 
cost-effective for your application. 
Which means you can confidently 
design with our 64K now and 
realize a lower cost-per-bit at the 
system level. And you'll find one 
64K to be significantly more efficient 


EDN January 23, 1986 


than several 8K, 16K or 32K devices. 

If you have an application 
requiring high speed at a lower 
density, we have a 16K PROM at 
45 ns and an 8K PROM at 35 ns. 
Both in space-saving 300 mil DIPs. 

It all adds up to the fastest 
PROM family ever built. PROMs 
that use Fairchild’s Isoplanar-Z™ 
technology. With vertical fuse 
technology giving you one of the 
highest programming yields in 
the industry. 

Our family of high-speed, 


CIRCLE NO 163 





For more information, call The 
Fairchild Information Center at 
1-800-554-4443 or write Fairchild 


Memory | 
PROMs 


and High 
Speed Logic 

Division, P.O. Box 5000 MS 2CT17, 
Puyallup, WA 98063-9701. 





ee 
FAIRCHILD 


A Schlumberger Company 
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1,000,000 cycles. The pushbutton is 
available in red, green, gray, blue, 
white, or black. Hot stamping is 
available for added flexibility. Un- 
lighted version, $0.62; lighted ver- 
sion, $0.90 (1000). 

Shelly Associates, 14281 Cham- 
bers Rd, Tustin, CA 92680. Phone 
(714) 669-9850. 


Circle No 420 


The Affordable Luxury. 


The specs determine the cost. Let Bliley 
quote on yours. 


¢ Quartz Crystals ¢ Crystal Oscillators ¢ Free Catalog 


eliley 


The First Name in Frequency Control for Your Circuit. 


BLILEY ELECTRIC COMPANY 
2545 West Grandview Blvd. 

PO. Box 3428, Erie, PA 16508 

(814) 838-3571 TWX 510-696-6886 








OSCILLATORS 


The CO-233L2 Series of crystal os- 
cillators offers a noise floor below 
—160 dBe/Hz for any frequency you 
specify in the range from 5 to 200 
MHz. The oscillators have an aging 
rate of 2 ppm per year and are 
available with several stability op- 
tions, ranging from +3 ppm over 
the 0 to 50°C range to +50 ppm over 
the —55 to +125°C range. Initial 
accuracy is +10 ppm at 25°C, but a 
tuning option permits an accuracy 
setting within +1 ppm. Output level 
is 7 dBm into 502 (18 dBm is avail- 
able as an option). Each oscillator 
comes in a 2X2xX0.75-in. case with a 
capacitively filtered input and an 
SMA output. $285. Delivery, 90 
days ARO. 

Vectron Laboratories Inc, 166 
Glover Ave, Norwalk, CT 06850. 
Phone (203) 853-4433. TWX 710- 
468-3796. 


Circle No 421 





TRANSFORMERS 
Low-profile, split-bobbin transform- 
ers in 24- and 48-VA ratings have 
been added to the company’s Flat- 
head Series. They include rugged, 
square-wire, plug-in pins capable of 
handling the devices’ weight and 
amperage. Height above the pc 
board is 1.25 and 1.375 in. for the 
24- and 48-VA units, respectively. 
Secondary output ratings for the 
24-VA size range from 10V center 
tap at 2.4A to 28V at 850 mA (se- 
ries-connected); the 48-VA size 
ranges from 10V center tap at 4.8A 
to 56V at 425 mA (series-con- 
nected). 24-VA version, $7, 48-VA, $9. 
Signal Transformer Co, 500 
Bayview Ave, Inwood, NY 11696. 
Phone (516) 289-5777. 
Circle No 422 
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If you're having a whale of a problem 
getting your system down to size... 


CTD holds the solution. 


At CTD, we offer total 
system integration with our 
TM6000 Silicon Gate CMOS 
Analog/Digital Semi-Custom 
Array, plus CMOS Digital Gate 
Array and Thick Film Hybrids. 

Our Macrocells Library, 
available on Daisy CAE 
workstation and in hardware 
kit parts, include D/A, A/D 


more. Call or write today to 
order our comprehensive 
TM6000 Design Manual at 
USS70. 


E>: 


CHARTERED-TELMOS 
DESIGN PTE.LTD. 

249 Jalan Boon Lay, Singapore 2261 
Tel: (65)-265-1066, TIx RS 21419 
FAX: (65)-261-0766 


a member of Singapore Technology Corporation so 





Representatives/Distributors: 

converters, VCO, switched Hong Kong: Karin Electronic Supplies Co. Ltd. 
eee Tel. No: 3-898252. e Taiwan: General Industries 

capacitor filters, and many (Taiwan) Inc., Tel. No: 02-764-51 26. 
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HEAT SINKS 


Models 6214 and 6216 provide maxi- 
mum thermal performance using a 
minimum of pc-board space. They 
provide better heat transfer from 
the TO-3 transistor because of thick 
metal construction and tall sides 
with more surface area to dissipate 


heat. The wrap-around design re- 
sults in less wasted material in man- 
ufacturing to keep the cost low. 
Model 6214 measures 1%-in. tall and 
has a thermal resistance of 4.7°C/W 
at 75°C mounting surface tempera- 
ture rise. Model 6216 is 2%-in. tall 
and has 4°C/W thermal resistance. 
A choice of solderable studs or nuts 
provides wave soldering compatibil- 
ity. 6214, $0.44; 6216, $0.49 (1000). 
Thermalloy, Inc, Box 810839, 
2021 W Valley View Lane, Dallas, 

TX 75381. Phone (214) 243-4321. 
Circle No 423 


TRANSMITTER 


The Model FSK-T miniature thick- 
film transmitter operates from 44 to 
63 MHz and has a center frequency 
of 57 MHz +100 kHz. Modulation is 
phase-continuous frequency shift 
keying, with a deviation of 0.5 MHz 
+2%. Data rates can be as high as 
1.544M bps. Carrier second har- 
monic is attenuated by more than 60 


dB. Output impedance is 752, and 
VSWR equals 3:1 from 5 to 300 
MHz. The transmitter comes in a 
1.5X1.5-in. DIP. Less than $100. 
Tektron Micro Electronics Inc, 
7483-A Candlewood Rd, Linthicum 
Heights, MD 21090. Phone (301) 
850-4200. 
Circle No 424 


CARD CONNECTORS 


Offering 20 to 684 contacts, Series 
9082 2-row, Series 9083 3-row, and 
Series 9084 4-row connectors have 
standard keying; the 3- and 4-row 
versions also come in no-guide-pin, 
single-guide-pin, or double-guide- 
pin variations. The 0.1-in. center- 
line, 0.025-in. square-post connector 
is made of high-temperature ther- 
moplastic and is available in pc- 
board and wire-wrap straight posts 
and compliant-pin post termina- 
tions. The mating receptacle pro- 
vides a 1.5-0z max insertion force 
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Solutions! 


Telephone 516 /981—7231 


‘Up to five outputs 
a ra Upto 3000 Watts 
oauc ‘Upto 300 Amps 


*AC to DC 

‘DC to DC 

°30°C Power Ratings 
-Paralleling 

‘High Efficiency 
-Proven Products 
*Wide Range AC Input 
-Reliability 

- Versatility 





35601 Veterans Highway, Ronkonkoma, NY 11779 


TWX 510 220 1528 
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and a normal force of 70g. Series 
9082, $0.14 to $0.15 per line; 9088, 
$0.13 to $0.14; 9084, $0.12 to $0.18 
(1000). Delivery, eight to 10 weeks 
ARO. 

Elco Corp, Connector Div, Hun- 
tingdon Industrial Park, Hunting- 
don, PA 16652. Phone (814) 648- 
0700. 

Circle No 425 





DELAY LINES 


Units in the EP9100 Series of 5-tap 
delay lines conform to the proposed 
JEDEC 28-pin surface-mount-pack- 
age specification. Total delay times 
of the 15 units range from 25 to 550 
nsec +5% or 2 nsec. Delay-line taps 
are equally spaced; the 250-nsec 
EP9114 has taps at 50, 100, 150, and 
200 nsec. A Schottky TTL inverter 
buffers each delay-line input and the 
five output taps. The output buffers 
can drive a fan-out of 10 Schottky 
loads; maximum rise time is 4 nsec. 
The transfer-molded package is 
0.450-in. square and has a mounted 
height of about 0.174 in. You can 
install them by vapor-phase or re- 
flow soldering. The units use a 5V 
supply; supply current is 60 mA. 
Operating temperature is 0 to 70°C. 
$3.57. Delivery, six weeks ARO. 
PCA Electronics, Inc. 16799 
Schoenborn St, Sepulveda, CA 
91343. Phone (818) 892-0761. 
Circle No 426 
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Quality. . 
you can gv 










fastening ne 


At STIMPSON, we t feat 
eyeleting application presents it 
problems and requirements. Th a 
we maintain the largest stoc 
world, producing over 3,000. 
sizes and styles, each furnished 
variety of metals, finishes and color: 


You can also rely on our Assembly 3 
Service Experts to recommend the ie - 
combination of eyelets and machinery to — 
meet your design specifications. 


Send for your free copy of STIMPSON’S 
latest Eyelet Catalog, which snistrates 
over 2,300 standard and . 
specialty eyelets and our 
full line of precision-built 
automatic eyeleting 
machines. 


1 Stimpsone, | 


900 SYLVAN AVE. BAYPORT, NY 11705-1097 
(516) 472-2000 
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peat? 


When Carroll Touch, Inc. de- 
cided to redesign its line of touch 
input products, it had two major 
goals. One was to reduce the num- 
ber of parts by 50 percent. Which 
meant Carroll Touch™ could dras- 
tically cut its manufacturing costs. 
And lower its price in the market. 

The second goal was to build 
in an abundance of flexibility in 
a base product. This would allow 
Carroll Touch to expedite orders for 
custom systems. As well as respond 

to rapid changes in its market. 


Copyright 1986 by Carroll Tou 


Motorola 


Carroll Touch achieved both 
of these goals when it unveiled its 
first model of the Smart-Frame™ 
scanning infrared touch input 
system. And the key ingredient 
was Motorola's MC68705R3 
microcomputer. 

The MC68705R3 with its built-in 
EPROM gave the new Smart-Frame 
unprecedented flexibility. Special 
features could be added or changed 
by reprogramming Motorola's MCU 
instead of replacing it. 

Because the MC68705R3 is 
a full-function microcomputer, most 
|/O support chips were eliminated. 
And many functions previously 
handled by task-specific hardware 
could now be handled by Motorola's 
MCU through software. 
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i 260696, Austin, Texas 78720-0606 


and Carroll Trace 
Putting touch technology within reach. 











Motorola also satisfied the 
stringent requirements for reliability. 
serviceability. And price. The 
MC68705R3 costs significantly less 
than its closest competitor. Yet its 
functionality and overall perform- 
ance are significantly greater. 

Fewer parts. More flexibility. 
Higher performance. The successful 
blending of two advanced 
technologies. 

Together Motorola and 
Carroll Touch are putting touch 
technology within reach. 
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ISOLATION AMPS 


The AD202 and AD204 use a solid- 
state transformer-isolation design, 
eliminating the need to buy a sepa- 
rate de/de converter. According to 
the manufacturer, the parts are the 
industry’s lowest cost isolation am- 
plifiers. Isolated power to floating- 
signal conditioners, front-end buffer 
amplifiers, or transducers is rated 
at +7.5V at +2 mA. The amplifiers 
feature minimum +1000V_ peak 
(750V rms) common-mode isolation 
and +0.05% maximum nonlinearity. 
Operating from a 15V supply, the 
AD202 suits multichannel applica- 
tions, and the AD204 suits single- 
channel applications. Rated perform- 
ance is over the 0 to 70°C range; 
however, the isolators also operate 
over —25 to +85°C. AD202, $28; 
AD204, $25 (100). 

Analog Devices, 70 Shawmut Rd, 
Canton, MA 02021. Phone (617) 329- 
4700. TWX 710-394-6577. 

Circle No 372 


FLOPPY-DISK IC 


The FDC 9239 enhanced floppy-disk 
interface circuit incorporates a high- 
precision digital data separator, 
write-precompensation logic, and a 
programmable head-load timer. 
Using 2-~m n-well CMOS technolo- 
gy, the circuit provides the speed 
necessary to operate from a 16-MHz 
clock, which in turn is necessary to 
provide 16-bit resolution in the data- 
separator circuit. The IC breaks up 
incoming disk data into 16 discrete 
pieces and operates on those pieces 
individually, providing adjustment- 
free data separation for high-densi- 
ty floppy-disk drives, according to 
the supplier. It operates from a 5V 
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supply and draws less than 20 mA 
typ. Depending on the version, you 
can choose from circuits that work 
with 8%-, 5%4-, and 8-in. disk 
drives. You can also choose from 
20-pin plastic or ceramic DIPs or 
cerdips. Plastic DIP, $12.80 (100). 
Delivery, six to eight weeks ARO. 

Standard Microsystems Corp, 35 
Marcus Blvd, Hauppauge, NY 
11788. Phone (516) 273-3100. TWX 
510-227-8898. 


Circle No 373 





1M-BIT ROM 
The M5M231000P, a mask-pro- 
grammable ROM configured as 


131,072 words*x8 bits, is available 
with access times of 250 or 300 nsec. 
Developed with n-channel silicon- 
gate MOS technology, the chip’s ac- 
cess times and power consumption 
are comparable to the company’s 
256k-bit ROM. It’s housed in a 
28-pin plastic DIP. $25 (OEM qty); a 
mask charge of $2500 is required. 
Delivery, 10 to 12 weeks ARO. 
Mitsubishi Electronics America 
Inc, 1050 E Arques Ave, Sunny- 
vale, CA 94086. Phone (408) 730- 
5900. TWX 910-339-9549. 
Circle No 374 


REGULATOR IC 


The MAX4193 monolithic CMOS 
de/de converter increases the effi- 
ciency of discrete de/de-converter 
circuits in the 5 mW to dW range, 
according to the company. An on- 
board power MOSFET has an on- 
resistance of 40 and a maximum 
current rating of 375 mA (no base 
drive current is required). The IC’s 
standby current is 5 pA; operating 
current at 40 kHz is 200 pA max 











Vour = + 18V 


(80 pA typ), independent of the 
MOSFET’s output duty cycle. The 
manufacturer claims that the prod- 


- uct can achieve 80% efficiency in 


most applications. It operates over 
an input voltage range of 2.4 to 
16.5V. You can choose from three 
temperature ranges: 0 to 70°C, —40 
to +85°C, and —55 to + 125°C. $1.72 
to $5.80 (100). 

Maxim Integrated Products, 510 
N Pastoria Ave, Sunnyvale, CA 
94086. Phone (408) 737-7600. 

Circle No 375 





EL DRIVERS 


This second-generation electrolumi- 
nescent-display-driver chip set re- 
places many discrete components 
for driving EL-display panels. 
Using this chip set, you can reduce 
the pc-board space required for 
large, flat-panel displays; achieve 
brighter displays with sharper reso- 
lution; and reduce overall power dis- 
sipation. The 819551 and 819552 row 
drivers (rated at 225V and 50 mA) 
and Si9553 and Si9554 column driv- 
ers (with sink and source capability 
to 15 mA) are pin and function com- 
patible with existing 32-channel 
driver circuits. The ICs operate 
over the military temperature range 
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ACTUAL SIZE 





Add A Lot of 


Character 
To Your Lines. 


MTP102 MTP201 MTP401 
ie 
Number of columns 20 24 32 















With a character height of 2.4 mm, these 5x 7 
Dot Matrix Printers will produce alphanumerics 
in any language, with the best looking charac- 
ters available. And that's just the beginning of 
Seiko Instruments compact thermal printers. 


Quiet performance, low power consumption 
and an extremely reliable, maintenance-free 
operational minimum of 500,000 lines MCTF. A 
lot of characters at prices as impres- 
sive as their performance. 

Seiko’s versatile, high-quality 


MTP series are perfect for calcula- , Bien tod 
tors, measuring instruments, So, for your new lines or existing lines, 


small computer terminals, . | ‘ specily Seiko Instruments 
data loggers, tele- ae pyrex : Thermal Printers. . . it will 


phones, medical instru- add a lot of character 
ments...just about and a lot of perform- 


every application. ance to your designs. 


For added flexibility, ~ SEIKO INSTRUMENTS U.S.A.., INC. 
add the C-MOS MTPI-CC Beg ld 
: orrance, 
aie ‘aia oi pe s oh, Telephone: (213) 530-8777 
of Characters into a lot ol graphics TWX: 910-347-7307 SEIKO INST. TRNC. 
FAX: (213) 539-8621 


SHIKOEINSTRUNIENTS 
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Printing Speeds (CPS) 
Character size (HxW) mm 2.4x1.4 | 2.4xl.1 
(in) | (.09x.06) | (.09x.04)} (.09x.06) | (.09x.06)} (.09x.06) | (.09x.06) 
Dimensions (WxDxH) mm 48x31x13.8 91.5x35.5x20 
(in) (1.89x1.22x0.54) (2.76x1.34x0.57) (3.60x1.40x0.79) 
(oz) (1.25) (1.42) (1.78) 
with our MTPI-GNP (parallel) or MTPI- 
GNS (serial) interface boards. Each board 


is designed to meet a variety of data output 
sources. 
































ICs & SEMI- 
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and are available in a ceramic quad 
44-pin J-lead package (AM suffix), a 
plastic quad 44-pin LCC (CN suf- 
fix), or in chip form. $5.40 to $29.02 
(1000). 

Siliconix Inc, 2201 Laurelwood 
Rd, Santa Clara, CA 95054. Phone 
(408) 988-8000. 

Circle No 376 





OCTAL BUFFERS 


The 54/74HC and 54/74HCT families 
of high-speed CMOS octal buf- 
fer/line driver ICs offer buffered 
inputs and 3-state outputs that can 
drive 15 LS TTL loads. The 54/ 
7T4HC versions, for systems using 
all-CMOS ICs, operate between 2 to 
6V de; the 54/74HCT versions are 
compatible with LS TTL bipolar- 
logic devices and operate over 4.5 to 
5.5V de. The CD54/74HC/HCT540 
and 541 ICs feature inverting and 
noninverting outputs, respectively. 
Typical propagation delay is 9 nsec 
at 5V, with a 15-pF load on the 
output. The CD54/74HC/HCT240 
(inverting) and CD54/74HC/ 
HCT241 and 244 (noninverting) ICs 
use the same pinouts. The chips 
have typical propagation delay 
times of 8 nsec (240) and 9 nsec (241 
and 244). $0.99 to $1.06 (100). 

RCA Solid State Div, Rte 202, 
Somerville, NJ 08876. Phone (201) 
685-7460. 

INQUIRE DIRECT 


RECTIFIERS 


The SHCDAO5HE Series of center- 
tap doubler assemblies can operate 
as full-wave output rectifiers for 
high-current and very fast switch- 
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— SPEED/POWER COMPARISON 
____TAXXX240 BUFFER 


£ 


AVERAGE PROP. DELAY Per Data Path (ns) 


1.0 10.0 
AVERAGE POWER PER GATE (mW) 


DATA TAKEN FROM PUBLISHED 
MANUFACTURERS’ DATA 


SS aS SE EPA SNA FEES RD CR OL SS ERE, 

Only one family of interface functions gives 
you ALS speed, CMOS power, and TTL drive: 
VTC’s V54/74 “A-C-T” family. 

Remember: the Ais for ALS speed... 5ns 
typical propagation delay, sub-ns internal gate 
delays, and operating frequencies to 75MHz. 

The C is for cool CMOS power... .50..W 
typical quiescent power, with no power 
crossover with bipolar even at 75MHz, and 
power dissipation only 10mW/MHz. 

And the Tis for TTL drive. ..48mA constant cur- 
rent drive, rugged enough to drive 50-ohm lines. 

The A-C-T family of third-generation logic 
functions features an advanced 1.6-micron, 
double-level-metal CMOS technology, 
with controlled edge rates and improved 
noise margins. 

All parts are fully characterized, with guaran- 
teed minimums and maximums over tempera- 
ture, power supply range, and 50pF and 300pF 
loading. 


VW 
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The answer 
to all your rectifier needs. 


Philips ultra-fast recovery rectifiers from Amperex. 


Get high quality levels and the widest 
range for SMPS applications available. 


Others offer ultra-fast epitaxial and schottky 
rectifiers, but Amperex offers you a range of 
products to cover all your switching needs. 
Get Philips epitaxial fast recovery and 
schottky rectifiers with average current ratings 
from 1A to 80A and voltage range from 50 to 
1000 volts. 

Philips epitaxial and schottky rectifiers from 
Amperex have the lowest PPM in the industry, 
due, in part, to direct communications with 
end users. The result — a process of constant 
improvement and refinement that assures 
you of the best possible performance and 
reliability. 


Features of these high- performance 
Philips rectifiers include: 

¢ Fast, soft recovery time — for use in high- 
speed switching circuits. 
Small reverse-recovery current and low 
stored charge — reduces collector current 
peaking, transistor turn-on losses and ringing. 
Triple-glass passivated chips — for long-term 
Stability. 

¢ Single-chip dual rectifiers for perfect 
matching. 


Call or write us today for the answer to all 
your switching rectifier needs. Ask for a free 
copy of the Philips Power Semiconductor Bro- 
chure and a list of available application notes. 


Amperex 


A NORTH AMERICAN PHILIPS COMPANY 


Amperex Electronic Corp., George Washington Highway, Smithfield, RI 02917 « Telephone: (401) 232-0500 * TWX: 710-381-8808 
CIRCLE NO 126 





ICs & SEMI- 
CONDUCTORS 





ing power supplies. Positive or neg- 
ative outputs are available. The de- 
vices supply 44A of output current, 
which, according to the manufactur- 
er, is more than twice the output of 
industry-standard units. Moreover, 
virtually no increase in mounting 
space is necessary. Turn-off time is 
30 nsec. The series comes in 50, 100, 
and 150V versions. 50V version, $57 
(100). Delivery, 10 to 12 weeks 
ARO. 

RSM Electron Power Inc, 
Sensitron Semiconductor Div, 221 
W Industry Ct, Deer Park, NY 
11729. Phone (516) 586-7600. 

Circle No 378 


STANDARD CELLS 
This family of 2- and 3-~m standard 
cells (the MSM90000- and 
MSM91000, respectively) uses the 
manufacturer’s concept of conver- 
sion transparency. The silicon-gate, 
dual-layer-metal design process and 
databases are compatible with the 
manufacturer’s line of gate-array 
products. The cells offer more than 
84 functional logic cells and 38 
macro blocks, which include several 
wPs and microcontrollers, a bus con- 
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IS NOW! 





But, best ofall, the A.C.T family of state-of- 
the-art interfaces is available right now. Here are 
twenty parts you can order off the shelf, today: 





V74ACT240. . .3-state octal buffer 
V74ACT241 .. .3-state octal buffer 
V74ACT244. . .3-state octal buffer 
V74ACT245.. .3-state octal bus transceiver 
V74ACT373. . .3-state octal d-type trans latch 
V74ACT374. . .3-state d-type edge trig flip-flop 
V74ACT465. . . 3-state octal buffer 
V74ACT466. . . 3-state octal buffer 
V74ACT467 .. .3-state octal buffer 
V74ACT468. . .3-state octal buffer 
V74ACT533. . . 3-state octal d-type trans/latch 
V74ACT534. . .3-state octal d-type trans/latch 
V74ACT620. . .3-state octal bus transceiver 
V74ACT623.. . 3-state octal bus transceiver 
V74ACT640. . .3-state octal bus transceiver 
V74ACT643. . . 3-state octal bus transceiver 
V74ACT861 .. .3-state 10-bit bus transceiver 
V74ACT862. . . 3-state 10-bit bus transceiver 
V74ACT863 .. . 3-state 9-bit bus transceiver 
V74ACT864. . .3-state 9-bit bus transceiver 
CALL NOW TO ORDER: 
1-800-VTC-CMOS 


And, watch for thirty more 3-state interface 
functions coming soon! 

Use the reader service card, call or write for 
our 400-page Data Book and Applications 
Manual, with 50 complete A.C.T family data 
sheets and 70 pages of application notes. 


VTC incorporated 

2401 East 86th Street 
Bloomington, MN 55420 
(612) 851-5200 


LOZ 
ys 
VTC Incorporated 
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Compared to batteries, 
Maxcap DLC delivers these 
significant cost savings: 


As backup power for 
K CMOS memory circuits, 
. the ni-cads and lithiums 


. ’ 
just dont measure up anymore. = There's only one extra component, 


not three. And Maxcap DLC doesn't need 
a socket. 


Now, circuit designers are turning t 
a new, state-of-the-art energy sourc 


from Sohio Engineered Materials. @ Since Maxcap DLC is nonpolar, it can’t 


be reverse connected, so youll have 
fewer assembly errors. And you can use 
wave-soldering. 


The Maxcap™ Double Layer Capacito 


What distinguishes Maxcap DLC 
from its antiquated competitors is tha 
it gives you the energy of a battery, 
the rapid charge-discharge character- 
istics of a capacitor, and something no 
battery can ever promise: 


@ Maxcap DLC requires no toxicity, 
explosion or leakage safeguards. 


What's more, there are no disposal 
problems. 


Virtually unlimited life. Maxcap DLC. The timeless energy 


source. Call or write for complete 
information and technical details. 


So designers working into the 1990s no 
longer have to burden themselves with 


power sources out of the past. And save those batteries. Somewhere, 


At its nominal voltage of 5 V and capac- there's a flashlight that can use them. 
itance values of 0.01 to 1 farad, thimble- 


size Maxcap DLC can be charged and Sohio Engineered Materials Company 


Semiconductor Products Division 


discharged indefinitely without main- made smaller and simplified. You Pie) Bai eb 
tenance or replacement. Since there's can also reduce backup circuit and Pica 
Niagara Falls, NY 14302 

no need for access, equipment can be assembly costs. 
716/278-3954 
Sohio : 
Engineered Materials 

Maxcap DLC shown actual size above. Company 
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troller, a digital signal processor, a 
high-speed A/D converter, a 
DTMF, an LCD controller, and sev- 
eral RAMs and ROMs. The 
MSM91000 uses a single-well CMOS 
process and has a 2.7-nsec typ gate 
delay; the MSM90000 uses a double- 
well process and features a 2.2-nsec 
gate delay. Operating temperature 
spans —40 to +85°C. In a conven- 
tional plastic package, cost is $0.15 
to $0.25 per gate (100,000). 

Oki Semiconductor, 650 N Mary 
Ave, Sunnyvale, CA 94086. Phone 
(800) 386-3555; in CA, (408) 720- 
1900. TWX 910-338-0508. 

Circle No 379 





CONTROL IC 


A mask-ROM version of the MCC- 
3000 motion-control chip set con- 
sists of a 40- and a 24-pin DIP. The 
uP-based chip set performs the 
functions of a dedicated position and 
velocity controller, freeing the host 
from the time-intensive task of 
closed-loop de-motor control. You 
can program the chip set via an 
RS-232C port or an 8-bit wP bus. 
The IC can perform velocity profil- 
ing with programmable acceleration 
and speed, absolute or relative posi- 
tioning, and position and status re- 
porting. It can accept commands 
from a remote computer and inputs 


from local switches for starting and 


stopping motion, homing, and error 
protection. No velocity feedback 
from a tachometer is necessary. $49 
(10,000). Delivery, six weeks ARO. 
Galil Motion Control Inc, 1928A 
Old Middlefield Way, Mountain 
View, CA 94043. Phone (415) 964- 

6494. TLX 171409. 
Circle No 380 
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POWER MOSFETs 


This line of medium-power TMOS 
field-effect transistors comprises 
the single-FET IRFD1Z0/1Z3, 
IRFD110/113, and IRFD9120/9123 
devices and the quad-FET 
IRFE110/113 and IRFE9120/9123 
devices. Single FETs come in 4-pin 
plastic DIPs, and quad FETs come 
in 16-pin DIPs. Power dissipation is 
1W/device (3W max per package). 
All devices operate from —55 to 
+150°C. Single configurations, 


$0.51 to $2.04; quad configurations, 
$5.94 to 14.04 (100). Delivery, four 
to six weeks ARO. 

Motorola Semiconductor Prod- 
ucts Inc, Box 20912, Phoenix, AZ 
85036. Phone (602) 244-4238. 
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RECTIFIER DIODES 
This manufacturer has expanded its 
Series EF/RF miniature diodes to 
include units with peak reverse 
voltages from 1000 to 12,000V and 
with currents from 80 to 500 mA. 
You can choose diodes with 150- 
nsec, 250-nsec, and standard recov- 
ery times. Surge ratings spec 8 to 
385A. The diodes measure 
0.380X0.0160 in. with 1-in. leads. 
Approximately $6 (1000). 
Electronic Devices Inc, 21 Gray 
Oaks Ave, Yonkers, NY 10710. 
Phone (914) 965-4400. 
Circle No 382 
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Electronics 

If we can quote from 
stock for your Rack 

& Panel, Flex-Com® 

IDC, DIN, Edgecard or 
C-Press® connectors 
or accessory needs, 
we'll ship within 

48 HOURS! 
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_ CALL OR WRITE: 


(203) 755-5000 
1-800-262-2678 
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400 Park Road, Watertown, CT 06795 
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ETHERNET CONTROLLER 
You can link the IBM PC/AT to 
Ethernet using the NP600 Ethernet 
protocol processor board, a single- 
board communications processor 
that plugs into the PC/AT bus. The 
processor combines an 80186 uP 
with an 82586 VLSI Ethernet con- 
troller chip. The 80186 implements 
protocol processing for information 
exchanges between computers on 
the network; the 82586 handles 
CSMA/CD link-management proce- 
dures and several link-diagnostic 
functions. It comes with 128k bytes 
of memory, 16k bytes of EPROM, 
and diagnostics, including self-test- 
ing at power-on. $1150. 

Micom Systems Inc, Box 8100, 
Simi Valley, CA 93062. Phone (805) 
583-8600. TWX 910-494-4910. 

Circle No 427 


SCSI ADAPTER 


The IB02 host adapter connects an 
IBM PC to SCSI peripherals. 
Housed on a pe board, the adapter 
contains a protocol controller and 
implements full SCSI protocol. The 
adapter integrates 5%4-in. Winches- 
ter disk drives and/or %-in. car- 
tridge-tape drives into a SCSI sys- 
tem. Its disconnect/reconnect 
feature allows devices on the bus to 
disconnect and then reconnect when 
they have completed their tasks. 
The adapter includes onboard mem- 
ory; 6k bytes of ROM and 2k bytes 
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of RAM map the memory and 
initialize the SCSI device. You can 
attach as many as seven controllers, 
each of which can connect to as 
many as eight 5%-in. Winchester 
disk drives with capacities of 
>110M bytes. $395. 

Emulex Corp, Box 6725, Costa 
Mesa, CA 92626. Phone (800) 368- 
5393; in CA, (714) 662-5600. 

Circle No 428 





INTERFACE BOARD 


The MBC-488 is an IEEE-488 inter- 
face board for the IBM PC, PC/XT, 
PC/AT, and compatible computers. 
The board fits into a PC expansion 
slot; an IKEE-488 connector ex- 
tends out the rear of the PC. A 
software driver/interpreter is in- 
cluded on a floppy disk. It operates 
as a DOS-resident driver, so you 
can interface IEEE-488 commands 
to a variety of high-level languages, 
including Basic, Fortran, Turbo- 
Pascal, and C. The GPIB can handle 
as many as 14 other talker/listener 
devices. $275, including software. 
MetraByte Corp, 254 Tosca Dr, 
Stoughton, MA 02072. Phone (617) 
344-1990. TLX 503989. 
Circle No 429 


68020 BOARD 


The D020 system accelerator turns 
a 68000-based computer into a 
68020/68881 development system. 
This plug-in replacement for the 
68000/68010 «.P contains a 68020 and 
a socket for a 68881 floating-point 
coprocessor. It runs Unix System 
0.2. Because the board is compatible 
with object code that the 68000 fam- 
ily runs, you can improve system 





performance while optimizing pro- 
gram code for future 68020 proces- 
sor boards, according to the manu- 
facturer. $995. 

Synergy Microsystems, 1820 
Cambridge Ave, Cardiff, CA 92007. 
Phone (619) 753-2191. 
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IMAGE COMPRESSOR 
The Compressit PC add-on board 
reduces the space needed to store 
bit-mapped images. The compressor 
removes redundant information and 
encodes the data. A continuous-tone 
gray-scale or color image will com- 
press between 4:1 and 8:1, and 
B&W text or line drawings from a 
scanner compress between 25:1 and 
00:1 typ. The compressor requires 
one slot in the IBM PC expansion 
bus. According to the manufactur- 
er, it will execute compression algo- 
rithms approximately 10 times fast- 
er than an assembly-language 
program on the IBM PC/XT and 
about four times faster than such a 
program on the PC/AT. $995. 
Chorus Data Systems, Box 370, 
Merrimack, NH 03054. Phone (800) 
624-6787; in NH, (603) 424-2900. 
Circle No 431 
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TAPE CONTROLLER 


This VME Bus-compatible tape con- 
troller, the VME-TC50, works with 
two ¥%-in., 9-track tape drives. In 
addition to 48k bytes of onboard 
data cache for sustained high data- 
transfer rates, the controller pro- 
vides a burst-transfer rate higher 
than 500k bytes/sec, onboard diag- 
nostics with LED indicator, a real- 
time calendar/clock, and program- 
ming-packet processing. It controls 
streaming and start/stop tape 
drives that operate at 800, 1600, 

8200, and 6250 bpi. $2000. 
Integrated Solutions, 1140 
Ringwood Ct, San Jose, CA 95131. 
Phone (408) 948-1902. TLX 4996929. 
Circle No 432 


GRAPHICS PROCESSOR 


The HSRGB, a graphics front-end 
processor with RGB output for use 


with a medium-resolution color 
CRT, is available for Unibus or Q 





Bus applications. The processor 
provides 512k bytes of onboard 
graphics memory for dual-ported 
display storage. In VT100 emula- 
tion mode, the board allows you to 
scroll VT100 text independently on 
the color screen in a split-screen 
format; you don’t need a separate 
control terminal to operate the color 
console. The board performs over 50 
standard graphics commands, in- 
cluding system control and such 
graphics functions as draw circle, 
ellipse, square, area fills, and pixel, 
as well as archiving. With DMA- 


device drivers, the processor oper- 
ates under DEC’s RSX11-M+, 
RT-11, and VMS operating sys- 
tems. $4350. 

MDB Systems Inc, 1995 N Bata- 
via St, Orange, CA 92665. Phone 
(714) 998-6900. TWX 910-593-1389. 
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VME BUS BOARD 


The SL-1000 dual-height VME Bus 
board specs data-acquisition rates 
as high as 20 kHz. The board pro- 
vides 16 single-ended or eight dif- 
ferential 12-bit analog inputs with 
autozero, autorange, and multiple- 
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WHY CHOOSE 
OUR RELAYS? 


When you are specifying relays for telecommunications, ATE, 
data acquisition and similar applications, you have to be 
selective. That’s why Gentech — who design manufacture and 
400% test both reed switches and relays at their modern 
British factory — offer such a comprehensive and 
versatile product range. 
The Gentech range includes a choice of dry reed or mercury 
wetted contacts and various packaging options including 
miniature, DIL and a 0.2” wide SIL. 


PLUS multiple contact control Forms A, B and C. PLUS high 
voltage, low power and data acquisition types. 


So, with Gentech the choice really is yours. For full details 
contact our US representative TODAY. 


DUFFY INTERNATIONAL INC. 
21 Storrs Av., PO 328 Braintree, MA 02184 USA. Tel: 617 848 3550 
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industry. 


Integration — includes telecommunication 
automotive, appliance, consumer, 
industrial, and military products. 
TLSI, Inc. 790 Park Ave. 
Huntington, NY 11743 


Custom Designed MOS 
You Can Build With. 





The TLS! Advantage 
Technology and experience that deliver results 


Technology — Combining Analog & Digital functions on the same chip. 
Processes available are CMOS, NMOS, PMOS. 


Latest equipment — CAE, CAD, CAT allows for the responsiveness, 
accuracy, and cost effectiveness demanded by today’s electronics 


Systems Experience — provides assistance in partitioning and offers 
design alternatives in full-custom, cell-library, and gate arrays. 





TLS/ 


(516) 549-6300 4 Subsidiary of Telephonics Corporation 
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input ranges; 32 parallel, program- 
mable I/O lines; a counter/timer; 
two RS-2382C ports; a watchdog 
timer; and a run/halt/diagnostic in- 
dicator. Options include 64k or 128k 
bytes of local data storage and two 
12-bit-resolution analog outputs. 
$2195. 

Serial Lab Products Inc, Box 
766, Marlboro, MA 01752. Phone 
(617) 481-1684. 
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SCSI CONVERTER 


Using the RT-SDA adapter, you can 
convert either initiator or target 
single-ended SCSI devices to differ- 
ential-ended SCSI devices. The con- 
verter meets ANSI spec X8T9, and 
it allows you to increase the SCSI 
cable length from 20 to 82 ft. You 
can power the converter from the 
initiator or target device’s termina- 
tor or via an onboard power connec- 
tor; target and initiator sensing is 


automatic. The unit measures 
3% x6 in. $150. 

Rancho Technology, 10238 
Monte Vista, Rancho Cucamonga, 
CA 91701. Phone (714) 987-3966. 
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PROCESSOR BOARD 


The D020 daughter board provides a 
68020 CPU and a 68881 floating- 
point processor on a pe board that 
plugs directly into existing 68000/ 
68010 sockets; for most applications, 


_ Power | 
Th numbers. 


no software changes are required. 
According to the manufacturer, this 
combination of components can in- 
crease the speed of logical pro- 
cessing throughput by 300% and 
floating-point processing through- 
put by several orders of magnitude 
in arithmetic-intensive applications. 
The daughter board is available in 
two versions: D020-0 comes with 
the 68020; the D020-1 includes the 
68020 and the 68881. For both ver- 
sions, you can choose connector 
heights of 0.335 or 0.585 in. D020-0, 
$995; D020-1, $1275. 

Io Inc, 2430 N Huachuca Dr, Tuc- 
son, AZ 85745. Phone (602) 792- 
0969. 
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STD BUS BOARD 

The LPM-SBC5 single-board com- 
puter uses the HD64180 Z80-com- 
patible processor, which includes 
012k bytes of direct memory ad- 
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dressing, hardware multiply, two 
DMA channels, two 28-pin JEDEC 
memory sockets, two 16-bit timers, 
and four RS-282C or RS-422 chan- 
nels. It also features automatic dy- 
namic-refresh generation, a wait- 
state generator, a watchdog timer, 
and three sleep modes. The board is 
available with NMOS/TTL I/O capa- 
bility for the STD Bus (Model MCM- 
SBC5) and all-CMOS capability for 
the CMOS STD Bus (Model LPM- 
SBC5). Two DMA controllers are 
included. The board generates a re- 
fresh signal to support dynamic 
RAMs. The programmable wait- 
state generator is available for slow 


memory and I/O devices. The LPM- 
SBC65 version operates over —40 to 
+ 85°C; the MCM-SBC5 model oper- 
ates over 0 to 60°C. LPM-SBOC5, 
$450; MCM-SBC5, $395 (4-MHz ver- 
sions). 

Winsystems Inc, Box 121361, Ar- 
lington, TX 76012. Phone (817) 274- 
7553. 
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MOTION CONTROLLER 


The wP-based DMC-430, a 3-axis 
programmable motion controller on 
an IBM PC-compatible card, han- 
dles such motor-control functions as 
precision positioning, velocity pro- 


filing, and status reporting... The 
controller accepts position feedback 
from an incremental encoder; no ta- 
chometer feedback is required. 
Speed ranges as high as 30,000:1, 
and position resolutions of <1 um 
are possible. $1645. 

Galil Motion Control, 1928-A 
Old Middlefield Way, Mountain 
View, CA 94048. Phone (415) 964- 
6494. TLX 171409. 
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1-BOARD COMPUTERS 


The iSBC 3886/20 CPU board is 
based on the Multibus I architec- 
ture; the iSBX 386/100 CPU board 
uses Multibus II architecture. Each 
board provides onboard cache mem- 
ory, an 80287 or 80387 (when avail- 
able) numeric coprocessor, high- 
speed memory interface’ to 
accommodate as much as 16M bytes 


of system memory, an interface to 
the iSBX bus for I/O, and two sock- 


So, now that you’ve got our number, get the rest 
of the story. Panasonic Industrial Company, 
Computer Components Division, One Panasonic 
Way, Secaucus, NJ 07094. (201) 392-4290. 


eee larete) ale 
Industrial Company 
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And they're available now for immediate off-the- 
_ shelf delivery. 
Just tell us what you need. Single or dual 
inputs. Up to four outputs. Outputs ranging from 
0 24V. And 0.1 to 30.0 amps. 

ourse, Panasonic switching power supplies 
lecessary Safety approvals of UL, CSA 
plus noise specifications ratings from FCC 

to VDE Class B. 


Panasonic? — 
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You're not alone. It's easy to get confused 
by the enormous spectrum of networking 
requirements, products and technologies 
that blur the way, 


Let Augat bring your picture into focus. 


Augat is one of the world’s most respected 
names in electronic interconnection tech- 
nology. We possess a unique capability for 
network solutions, because of unequaled pro- 
duct breadth coupled with vast experience in 
the OEM and CATV marketplaces. 


Augat offers an unusual combination: the 
resources of a large ($250,000,000.00), vigor- 
ous growth company plus a willingness and 
ability to go beyond merely selling products. 
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Our commitment to total solutions comes 
from years of experience in the CATV market, 
where total support is an integral service. 


Let us help you enjoy a better view. Call 
or write “NETWORKING”, Augat/Broadband 
Communications Group, 710 Narragansett 
Park Drive, Pawtucket, Rhode Island 028614, 
(401) 724-4400. 


Broadband Network Electronics « Coaxial 
Connectors ¢ Fiberoptics « Test Equipment 
¢ System Compatible Cross Connections 





Quality and Innovation 
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ets for EPROM. The 386/20 board 
uses a 82-bit-wide bus for data 
transfers between the CPU and the 
dual-port memory and a 16-bit bus 
for transfers over the Multibus I or 
iSBX Bus. Both boards run iRMX 
286/386, Xenix, and Unix System V 
operating systems as well as propri- 
etary operating systems written for 
the 8086 or 80286 CPU. $3860 (100). 
Intel Corp, Literature Dept 
W253, 3065 Bowers Ave, Santa 
Clara, CA 95051. Phone (408) 987- 

8080. 
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uC INTERFACE 


The Lab 40 system is a circuit 
board, or bus generator, which con- 
nects to the host computer and 
drives a 40-connector ribbon-cable 


bus. The bus generator interacts 
with function modules, which can be 
circuits from this company, user- 
built circuits, or compatible circuits 
from other manufacturers. You can 
place as many as eight function mod- 
ules on a 100-ft-long ribbon cable. 
The bus-generator cards are avail- 
able for the IBM PC and Apple II; 
development software is included. 
$175. 

Computer Continuum, 75 South- 
gate Ave, Suite 6, Daly City, CA 
94015. Phone (415) 755-1978. 
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SINGLE-BOARD pC 

The 80186 wP-based VS-186 is a 
PC-DOS-compatible, single-board 
computer that allows you to install 
as much as 512k bytes of ROM in 
eight JEDEC 28-pin EPROM sites. 
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The board can accommodate as 
much as 1M byte of parity-checked 
RAM. In addition to a socket for the 
8087 math coprocessor, the board 
provides two serial ports, a pro- 
grammable parallel port, a Centron- 
ics printer port, a SASI/SCSI in- 
terface for disk and tape drives, 
four iSBX expansion connectors, 
and a processor bus extension that 


permits communication with other 
bus structures. The board measures 
84x11 in. $950. 

Virtual Systems Inc, 1500 
Newell Ave, Suite 406, Walnut 
Creek, CA 94596. Phone (415) 935- 
4944, 
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When you rent test equipment from us you don't 
get just the equipment. You get the company. 
U.S. Instrument Rentals. The leading company. 
iM atc\a@aalsr-\piou e)(ey-(e(-1mr-lareme(-1- e\-)mlaly- al @)avs 

The latest equipment. The best quality 
equipment. Delivered on time. Better value. 
ie{o)i(c) moje) 0) ele) mma livem aatcr-lalcmealou pale simi(sy.die)(= 


terms in the business. 
Rent. Buy. Lease. 
Get the company. 


Uo lasiaulaansalamisvaltclicy 


MWe) (Rtgs elere Ge Rael lilell-ie 
The 1985 U.S. Instrument Rentals 
Product Guide. Test, Telcom, MDS, 
CAE...Phone for yours today. 
(800)-824-2873 


COMPANY 
FOR RENT. 


(800)-824-2873 


United States Instrument Rentals, Inc. 


US 





AU.S. Leasing Company 
2988 Campus Dr., San Mateo, CA 94403 
(415) 572-6600 
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325-GHz ANALYZERS 


The Models 492A and 492AP 325- 
GHz spectrum analyzers have a sig- 
nal-processing ability that allows 
them to sort continuous-wave, 
pulse, and other signals. The instru- 
ments’ dot markers are accurate to 
0.01%. The units provide selectable 
reference units of dBm, dBV, and 
dBmV. Moreover, you can store 
nine front-panel setups in nonvola- 
tile memory. A MATE/CIIL inter- 
face for military applications is op- 
tional. From $27,290. Delivery, 12 
weeks ARO. 

Tektronix Inc, Box 1700, 
Beaverton, OR 97005. Phone (800) 
547-1512; in OR, (800) 452-1877. 
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8051 EMULATOR 


The A51 emulator for the 8051 sin- 
gle-chip P family incorporates a 
PROM programmer that handles 
2716 through 2764 devices as well as 
the 8751. You control the emulator 
with an IBM PC. The PC-compati- 
ble assembler handles 2000 lpm. A 
windowing screen editor allows you 
to compare files of captured data 
with your source code. The emula- 
tor’s software includes a macro, or 
command-file, capability. The emu- 
lator operates as fast as 12 MHz in 
real time and comes with &k bytes of 
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emulation memory. You can set 
hardware breakpoints on as many as 
48,000 memory locations. From 
$5750. 

Ashling Microsystems Inc, 542 
Lakeside Dr, Suite 2, Sunnyvale, 
CA 94086. Phone (408) 720-9131. 
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DIGTIZING SCOPE 
The dual-channel Model DS-6121 is 


a 100-MHz analog scope that 
digitizes incoming signals at 40M 
samples/sec. The unit has four 
waveform memories. After captur- 
ing a signal, the instrument can 
add, subtract, multiply, and aver- 
age stored waveforms; it also com- 
pares a captured waveform with a 
stored waveform. You can control 
all the instrument’s functions via 
the IEEE-488 bus. Cursors provide 
direct readouts of voltage, voltage 
ratio, time, and phase. $5550. Deliv- 
ery, eight weeks ARO. 

Iwatsu Instruments, 4380 Com- 
merce Rd, Carlstadt, NJ 07072. 
Phone (201) 935-5220. 
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MINIATURE EMULATORS 

Measuring 3xX8xX¥% in., in-circuit 
emulators in this series require only 
a nonintelligent terminal for opera- 
tion. The units draw their power 
from the circuit under test; optional 
external supplies are available for 
some models. The emulators pro- 
vide such standard features as the 
ability to examine and change mem- 
ory locations, breakpoints, and hex 
and ASCII displays. Emulators in 
the series can assemble and disas- 





semble uP instructions; models are 
available for the 8085, 8088, Z80, 
and NSC800 wPs. From $500. 
IAM, Box 2545, Fair Oaks, CA 
95628. Phone (916) 961-8082. 
Circle No 386 





UNIVERSAL COUNTERS 


These two universal counter sys- 
tems, the 1995 and the 1996, suit 
large ATE applications. The 1995 
features two 200-MHz input chan- 
nels with independent start/stop 
control on each channel. You can 
select an input impedance of either 
500 or 1 MQ. The 1996 adds a 
fuse-protected third input for mea- 
surement to 1.8 GHz. In both mod- 
els, you can reverse the internal 
assembly and consequently make 
connections to the rear or front 
panel. Data-output rate is 150 read- 
ings/second. Positive- and negative- 
peak detectors provide separate 
readouts of peak and peak-to-peak 
signal characteristics. These detec- 
tors also determine the signal am- 
plitude for autotrigger, slew-rate, 
and rise/fall-time calculations. The 
10-digit display presents frequency 
and period resolution to nine digits 
in 1 sec over the entire frequency 
range. A single-shot time-interval 
resolution of 1 nsec permits exami- 
nation of rise/fall and propagation 
times. You can use averaging to 
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¢ Trip indicator warns 

of a possible circuit 
problem. Choice 
ae : of red or white. 
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e O50" gic k-connect terminal 
make wiring easy. 





e Special molded clips snap securely 
into standard %" panel cutouts. 
No redesign or repunching. 


e Variety of bezel and 
button colors permit 
color coding of circuits. 
Ideal for convenient up front 
control panel location. 





P&B’s new snap-in circuit breakers 
end fuse replacement worries. 


Our W28 series thermal circuit breakers fit the same cutout 

as many %" fuseholders. And from 0.25 through 15 amps these 
UL recognized and CSA certified breakers do the same job as 
fuses. Only better. When the W28 trips, an indicator pops out to 
warn of a possible circuit problem. After the trouble is located 
and corrected, the W28 can be reset by simply pushing a button. 
But it can't be pulled out to disconnect the circuit. 


Easy To Install. Wherever you presently use glass cartridge 
fuseholders, W28s can replace them without panel redesign or 
repunching. Think about putting them out front. That way they're 
easily accessible and their attractive appearance will add to 
your product's appeal. W28 breakers can be prewired and then 
snapped securely into the panel from the front. 


Helps Sell Your Product. For everything from home enter- 
tainment equipment to medical instruments to industrial test 
gear, W28 breakers add selling points to your product. Good looks. 
The convenience of not searching for fuses. Protection against 
improper fuse rating substitutions. And they save the cost and 
trouble of maintaining a fuse inventory. 


Write For Our Catalog. Find out about the economical W28 

and our full line of magnetic and thermal circuit breakers. They're 
available off-the-shelf from authorized P&B distributors backed 
by our sizable factory inventory. Or contact your local P&B sales 
representative. Potter & Brumfield Division AMF Incorporated, 
200 Richland Creek Drive, Princeton, Indiana 47671. 

Call toll free 800/255-2550. 








Potter&Brumfield 


PonereciBrunrie 
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Micro PC. A single board 
computer with the 


: eye ,e ® 
capabilities of the IBM® PC 
but only 3.9x 5.5 inches 
In SIZE. 

With the Faraday Micro PC, you can imbed the power of the 
IBM PC into thousands of new applications. The Micro PC 
features: 
= Plug-in card * ROM BIOS on board # 8088 processor with 
optional 8087 co-processor # 256K RAM memory ® 32K ROM 
memory ® CMOS version optional ® 4.77 mhz 
You can depend on Faraday to deliver 100% PC BUS compat- 
ibility. We supply OEMs in telecommunications, office auto- 
mation, industrial automation, instrumentation, manufacturing 
test equipment, medical instruments, point of sale, computer 
terminals and personal computing applications. 
For more information on the Micro PC or other Faraday 
PC BUS single board computers, call us at 408-749-1900. 


Faraday Electronics, 743 Pastoria Avenue, Sunnyvale, 
California 94086, des 706788. 


Mott 
Mt 
TN 


oe IBM i isa nuieered trademark of International Business Machines Corporation. 
Micro PC is a trademark of Faraday Electronics. CIRCLE NO 135 
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increase resolution to 100 psec. 
IEEE-488 programmability allows 
remote system control. 1995, $3750; 
1996, $4500. Delivery, eight weeks 
ARO. 

Racal-Dana Instruments Ince, 
Box C-19541, Irvine, CA 92713. 
Phone (714) 859-8999. TLX 678341. 
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BATTERY SUPPLIES 


The LPS Series of battery-backed, 
400W switching power supplies spec 
98% efficiency min for on-line opera- 
tion and 85% min efficiency when 
powered by their batteries. Units in 
the series comprise a de/de convert- 
er, batteries that supply five min- 
utes of full-load operation, a battery 
charger, and an isolation bridge. 
The series permits transfers to and 
from battery power without the aid 
of active sensors and produces no 
glitches on its outputs during a 
transfer. Both the charger and in- 
verter are protected against over- 
loads, overtemperature, and short 
circuits. The supplies come in two 
models: the $435 LPS-40 master and 
$360 LPS-41 slave, which doesn’t 
include the charger. 

Lambda Electronics, 515 Broad 
Hollow Rd, Melville, NY 11747. 
Phone (516) 694-4200. 
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PROGRAMMER MODULE 


The M77 adapter module for the 
company’s Prompro-XP and 
Prompro-8X PROM programmers 
handles Texas Instruments’ TMS- 
7742 single-chip wP. The unit is suit- 


EDN January 23, 1986 


INSTRUMENTATION & POWER SOURCES 





able for both program-development 
and production applications. Model 
M77, $150. 

Logical Devices Inc, 1321 NW 
65th Pl, Fort Lauderdale, FL 33309. 
Phone (800) 331-7766; in FL, (805) 
974-0975. TLX 383142. 
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HANDHELD LCR METER 


This battery-powered, 20-range 
LCR meter has a 8¥%-digit LCD and 
positive-action slide switches, and it 
comes in a plastic case. Six induc- 
tance ranges span 2 mH to 200H; 
seven capacitance ranges cover 200 
pF to 200 uF; and seven resistance 
ranges extend from 200 to 20 MQ. 
Depending on the measurement 
range you select, the meter oper- 
ates at a frequency of 1 kHz or 100 
Hz. No adjustment or balancing is 
necessary. A limited output voltage 
protects electrolytic capacitors and 
other sensitive devices during mea- 
surement; the meter is fuse-pro- 
tected against accidental application 
of 250V ac or de (max), either from 
charged capacitors or to any termi- 
nal. The instrument case has nonslip 
rubber feet and a fold-out stand for 
benchtop use. $470. 

Biddle Instruments, 510 Town- 
ship Line Rd, Blue Bell, PA 19422. 
Phone (215) 646-9200. 
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BIT-SLICE DEVELOPER 


The DS3700 Emulyzer works with 
all microprogrammmed processors, 
including the 29116, 74AS888, and 
29300 families and the soon-to-be- 
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introduced AMD 29400 family. The 
system comprises a 10-nsec memory 
emulator with a guaranteed access 
time at the target system of less 
than 25 nsec, and a 35-MHz logic- 
state analyzer/performance monitor 
with triggering and data acquisi- 
tion. When combined with the com- 
pany’s CS Series workstation, the 
unit forms a complete stand-alone 





development system. Alternatively, 
you can connect the system to a 
mainframe computer (eg, a VAX) or 
to an IBM PC. The company pro- 
vides software, including a relocat- 
able and linkable macro-meta- 
assembler. Various writable-con- 
trol-store, memory-emulation mod- 
ules and logic-analyzer modules pro- 
vide a choice of emulation-memory 


Professional 68000 and 68020 


Development Systems 


Assembler and linker/locator 
In-Circuit Emulators supported 


PC compatible 68020 evaluation and test board provided 
Professional quality high performance tools 
Optimizing C and Pascal compilers 


Rugged, reliable and field-proven for over 3 years 
Unequaled customer support services 
Available for PC’s, VAX and IBM mainframes 


The choice of leading software professionals for the development of 
consumer and industrial products 


Cost Effective Solutions for Motorola microprocessor development... 
Call Today: (303) 449-6809 


ray language 
Resources 


4885 Riverbend Road, Boulder, Colorado 80301 (303) 449-6809 Telex: ITT 4992706 
VAX is a trademark of Digital Equipment Corp. 
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speed and depth. You can configure 
memory depths from 1k to 64k bits 
and as wide as 512 bits. From 
$12,000. 

HiLevel Technology Inc, 18902 
Bardeen, Irvine, CA 92715. Phone 
(800) 445-3835; in CA, (800) 752- 
5215. TLX 655316. 
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COAX TEST CELL 


Designed to test the effectiveness of 
RF shielding materials, the SET-19 
transmission-line cell simulates the 
wave-propagation characteristics of 
a coaxial transmission line. With RF 
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Semiconductor. 












Tel (617) 491-1670, TWX 710-320-1196 
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HIGH VOLTAGE J-FETS 


Teledyne Crystalonics has added several new types to 
its line of high voltage J-FETs. The devicesincludea 
number of parts formerly manufactured by Teledyne 


Applications include high voltage switches, amplifiers 
andcurrentsources. Breakdown voltage ratings 
range up to 300 volts. The complete line of parts in- 
cludes 2N5277, 2N5278, 2N5543, 2N5544, 2N6449, 
2N6450, TN5277, TN5278, U1715. and U1715A. 


Send for datasheet and shortform catalog. 


“© TELEDYNE CRYSTALONICS 


147 Sherman Street, Cambridge, MA 02140 


power applied, you can accurately 
measure levels with a power meter, 
a spectrum analyzer, or other com- 
monly available equipment. Repeat- 
ability is guaranteed. The chamber 
accommodates sample sizes in ac- 
cordance with ASTM D09.12.14. 
Operating bandwidth is dc to 3000 
MHz; dynamic range is +100 dB; 
and nominal impedance is 500. 
$6600. 

Amplifier Research, 160 School 
House Rd, Souderton, PA 18964. 
Phone (215) 723-8181. TWX 510- 
661-6094. 
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GANG PROGRAMMER 


Series 1000 parallel programmers 
come with a tool that lets you slide 
devices in and out of a device manu- 
facturer’s tube and directly into the 
programmers’ sockets. This tool 
cuts the loading time down to 2 
sec/device. You can also select pro- 


gramming commands, command op- 
tions, and device names from 
scrolling menus. The programmers 
include other features that minimize 
down time: socket isolation to iden- 
tify single-device failures before 
they affect other sockets; autocali- 
bration of programming and supply 
voltages; safe power-down in case of 
power failures; self-diagnostics; and 
compliance with applicable safety 
standards. The series works with 
one-time-programmable MOS and 
CMOS devices, including PROMs, 
EPROMs, EEPROMs, and single- 
chip wPs. Series 1000 adapter mod- 
ules handle 24-, 28-, 32-, and 40-pin 
devices. $6500 to $18,000, depend- 
ing on options. 

Data I/O Corp, Box 97046, Red- 
mond, WA 98078. Phone (206) 881- 
6444, TLX 152167. 
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Largest 
selection of 
ktruded 

d stamped 


EAT 
‘SINKS 


Specialists in thermal 

management. 

¢ Standard and custom 
types. 

¢ Complete fabrication 
and anodizing. 


AAV ID) 


AAVID ENGINEERING, INC. 
One Kool Path 

Box 400 

Laconia, NH 03247 

. Tel. (603) 524-4443 

| TWX 510-298-1127 
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A/D CONVERTER 


Capable of digitizing an analog sig- 
nal to 7-bit resolution at a sample 
rate of 22 MHz, the PNA7509 flash 
A/D converter features a 10-MHz 
analog bandwidth. It is fabricated in 
NMOS technology and dissipates 
400 mW typ. The converter has 
built-in sample/hold circuitry and a 
3-state TTL-compatible digital out- 
put that you can program for binary 
code, 2’s-complement code, or over- 
flow and underflow conditions. Dif- 
ferential nonlinearity is + % LSB, 
equivalent to 0.4%. The device re- 
quires 5 and 10V supplies and is 
available in either a 24-pin DIP or a 
surface-mount version. Approxi- 
mately $12 (1000) for the plastic- 
DIP version. 

Philips, Elecoma Div, Box 523, 
5600 AM Eindhoven, The Nether- 
lands. Phone (040) 757005. TLX 
51578. 
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Signetics Corp, 811 E Arques 
Ave, Sunnyvale, CA 94086. Phone 
(408) 739-7700. 
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COMPUTER CARDS 


These single-Eurocard computer 
boards suit G64 Bus systems. The 
SYN-MP08 provides a 68008-based 
CPU, and the SYN-EDM256 pro- 
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vides 256k bytes of dynamic RAM. 
The 10-MHz CPU card includes 
sockets for as much as 128k bytes of 
EPROM or a mix of EPROM and 
RAM devices. It also has two RS- 
232C/RS-422-compatible 
ports and a parallel I/O port. The 
memory board includes sockets for 
as much as 128k bytes of EPROM. 
The O8S9/68000 operating system is 
available for use on a target system 
or as part of the SMDS-680 develop- 
ment system, which is based on the 
two computer boards. SYN-MP08, 
£467; SYN-EDM256, £498. 

Syntel Microsytems, Queens Mill 
Rd, Huddersfield HD1 3PG, UK. 
Phone (0484) 535101. TLX 51194. 
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CPU CARD 


The AMS-M7 CPU card for AMS 
Bus systems runs an 8-MHz 8086 
uP and provides sockets for as much 
as 128k bytes of EPROM and 32k 
bytes of static RAM. A programma- 
ble interrupt controller is provided 
to enhance the interrupt structure 
of the 8086. Also included are a 
V.24/V.28 serial I/O port, a 16-bit 
timer/counter, and a watchdog 
timer. You can operate the serial I/O 
port in a polled or interrupt mode, 
using synchronous or asynchronous 
communications protocols at rates 
between 50 and 19.2k bps. In addi- 
tion to the AMS Bus interface, the 


serial. 


Running into ECL circuit-timing problems 
that call for adjustments as low as 0.1 
ns? We should become good friends. 

Our programmable 10k and 100k ECL 
delay modules give you up to 16 delay 
periods per module — in increments as 
low as 0.1 ns — BCD-selectable so you 
can fine-tune your timing with ease. 

You can also come to Technitrol for a 
large selection of non-programmable 
10k and 100k ECL delay modules — 
five-tap and eight-tap respectively. 

Whether your work is inside a super- 
mainframe or next-generation mini, or 
any other prime ECL application, you 
can count on Technitrol for the delay-line 
performance and reliability you need, in 
the numbers you need. 


Technitrol 


1952 E. Allegheny. Avenue 
Philadelphia, PA 19134 USA 
(215) 426-9105 ° Telex 834245 


active and passive delay lines 
* pulse transformers * Manchester 
encoder/decoders « data bus couplers 
* pulse-width regulators * high-voltage, 
Scott T, and ferroresonant transformers 
(including Mil-T-21038, Mil-Std-1553B, 
and Mil-T-27 components) 
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ITT’s new dual-in-line relay. Manufactured 

by Standard Telephone and Radio AG 
Components Division, 8027 Zurich/Switzerland 
Tel. 01 20142 55, Telex 815 385 


For more information and address of your local 
sales representative contact reader service. 
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board has two SBX interfaces for ROARD COMPUTERS 

expansion boards. A plug-in mod-  gevies PG-2004 through -2009 VME 
ule, which you insert into the 8086 Bus-compatible single-board com- 
socket, allows you to add an 8087 puters provide you with either a 


math coprocessor. The AMS-M7 ; 
68000 or 68010 uP running at 8 or 10 
board typically draws 2.8A fromthe wry and an sutioval vaheard 68451 


5V supply and operates over 0 to memory-management unit. All the 


o°C. DM 2500. computers have space for as much 


Siemens AG, Zentralstelle fiir In- | 
’ as 128k bytes of onboard ROM, con- 
formation, Postfach 103, 8000 Mu-  foured as a local memory resource. 


nich 1, West Germany. Phone (089) 
2340. TLX 5210025. 
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RUN-TIME SOFTWARE 


Using the Runtime Library disk 
pack, you can couple application 
programs written in C to I/O opera- 
tions on the STE Bus. Versions of 
the library routines are available for 
the company’s 80188-based SC88 
and Z80-based SCPUB STE Bus 
CPU cards; these versions run 
under CP/M-86 and CP/M+, respec- 
tively. After program development, 
the required run-time routines are 
programmed into EPROM along 
with the C application program to 
provide control of the I/O processes. 
The disk-based software costs £80 
and is free from licensing restric- 
tions. 

Arcom Control Systems Ltd 
Unit 8, Clifton Rd, Cambridge CB 
4WH, UK. Phone (0223) 242224 
TLX 817114. 


we 
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Carborundum*® 
noninductive 
ceramic power 
resistors solve 
tough problems. 


We make three types of noninductive 
ceramic resistors that can solve tough 
resistance problems, save money and 


space. 


Regardless of the pulse shape, we 
have the resistor. Our Type SP handles 
large amounts of power from 60 cycles 
through VHF. Type AS can absorb 
huge amounts of energy in millisecond 
pulses. Type A solves high resistance 
problems in high voltage situations. 

For more information on ceramic 
power resistors and our broad line of 
thermistors and varistors, call or write 
today. 


Sohio Engineered Materials Company 
Refractories Division 

Electric Products Plant 

PO. Box 339 

Niagara Falls, New York 14302 
716/278-2553 


CARBORUNDUM 
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The boards handle seven interrupt 
levels and have two independent 
serial I/O ports with RS-232C driv- 
er/receiver circuitry. You can pro- 
gram the ports’ operating mode, 
data format, and data rate (data 
rate spans 50 to 38.4k baud). A 
programmable parallel port is also 
provided. $1145 to $1595. 

Philips, Industrial & Electro- 
acoustic Systems Div, Box 523, 5600 
AM Eindhoven, The Netherlands. 
Phone (040) 757005. TLX 51573. 
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Signetics Corp, 811 E Arques 
Ave, Sunnyvale, CA 94086. Phone 
(408) 739-7700. 
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DC CALIBRATOR 


The Digistant 4405A portable cali- 
brator provides dc-voltage and -cur- 
rent calibration sources. The unit 
has three dc-voltage ranges from 0 
to 99.99 mV, 100 to 999.9 mV, and 1 
to 11V, with resolutions of 10 pV, 
100 pV, and 1 mV, respectively. 
The output impedance on all voltage 
ranges is <10 mQ), and the calibra- 
tor is capable of delivering a current 
of 20 mA maximum at 10V. A single 
current range spans 0 to 22 mA with 
a resolution of 2 pA below 20 mA 
and 10 wA above 20 mA. The cur- 
rent output’s voltage compliance is 
>10V at 20 mA. Output accuracy on 
all ranges is 0.02% of range, and 
zero-offset errors are <50 wV or <5 
wA. Temperature coefficient on the 
11V range is 50 ppm/°C; on all other 
ranges, it’s 75 ppm/°C. The calibra- 
tor operates over a temperature 
range of 0 to 50°C. A numeric key- 
board and a 4'%4-digit LCD display 
allow you to type the required out- 
put value. In addition, 11 internal 
memory locations, each _ pro- 


grammed with a base value and a 
step value, allow you to generate 
output staircases using step-incre- 
ment and -decrement keys. Alterna- 
tively, you can set up the base val- 
ues and step values using the 
front-panel keyboard. The calibra- 
tor is powered by a built-in re- 
chargeable battery or a 115V, 50/60- 
Hz line supply. The unit measures 
9x4x3.5 in. and weighs approxi- 
mately 3.7 lbs. $698. 

Burster Prazisionsmesstechnik, 
Talstrasse 1-7, 7562 Gernsbach, 
West Germany. Phone (07224) 6450. 
TLX 78918. 
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Burster Precision Instruments 

Inc, 125 Wolf Rd, Albany, NY 
12205. Phone (518) 458-2640. 
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KEYBOARD 
This low-profile IBM PC-compatible 
keyboard assembly suits applica- 
tions requiring IBM 3179 or 3270 
compatibility. The keyboard fea- 
tures 122 capacitively coupled 
keyswitches, including 24 user-pro- 
grammable function keys. An 
onboard wP and EPROM-based 
firmware let you select output code, 
autorepeat, and serial-output char- 
acteristics. The keyboard is avail- 
able as a sculptured or stepped 
array with a choice of more than 30 
keycap colors; the keycaps can be 
color matched to your require- 
ments. The keyboard is manufac- 
tured to DIN 66234 standards. The 
fully encased standard version costs 
£260. 

Alphameric Keyboards Ltd, 6 
Manor Way, Old Woking, Surrey 
GU22 9JX, UK. Phone (04862) 
71555. TLX 859181. 
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Matrox now offers two new color graphics boards that 
dramatically boost PC performance. The PG-640 and PG-1280 
provide the speed and resolution necessary to upgrade the IBM 
PC XT and AT into Professional Graphics workstations. 


The PG-640 has a drawing speed of over 40,000 
vectors/second and an image load speed of 1 million 
pixels/second. This means complex 640 x 480 pictures are 





e 640 x 480 x 8 display (PG-640) drawn in under a second. The PG-1280 provides even faster 

- : picture updates, and displays four times the detail, 1280 x 1024 
© 1280 x 1024 x 8 display (PG-1280) ct 
@ 40,000 vectors/sec. drawing speed Both the PG-640 and PG-1280 are 100% compatible with IBM’s 

0 3 Professional Graphics card, and offer full Color Graphics 

. 100 / 0 IBM PGC compatible Adapter emulation. All existing software runs without change. 
e Full IBM CGA emulation lf you are interested in a 10 times performance boost: 
@ 1 million pixels/second image load cat ToL FREE 1-800-361-4903 
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1055 St. Regis Blvd. 


Dorval, Quebec, Canada 
HOP 2T4 
Tel: (514) 685-2630 


Tix: 05-822798 





IBM, IBM PC XT, IBM PC AT, PGC, CGA are trade marks of International Business Machines 


NEW PRODUCTS: SOFTWARE 





REFERENCE SOFTWARE 


The RAM-resident Turbo Lightning 
and the Turbo Lightning Library 
can access reference information in 
a form manageable on a personal 
computer. Lists of key words are 
stored in thumbing indexes in RAM; 
the package accesses information by 
thumbing through the index files 
either in RAM or on disk. Pull-down 
menus provide proofreading and 
synonym-finding functions; you can 
check individual words, full screens, 
or proofread as you type. Words in 
the thesaurus are organized as 
nouns, verbs, and adjectives. Using 
the environment window, you can 
select WordStar, PFS Write, DOS, 
Lotus 1-2-8, or other programs; 
Lightning then pipes in replacement 
words through the keyboard input 
buffer. $99.95. 

Borland International, 4585 
Scotts Valley Dr, Scotts Valley, CA 
95066. Phone (408) 438-8400. 
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PC BUS UTILITY 


PROMdisk allows you to put code, 
including PC-DOS, networking soft- 
ware, or custom applications in the 
EPROM on a single-board comput- 
er. You can create an image of any 
file on a diskette and then load it 
into EPROM. On boot up, the soft- 
ware is read as it would be from a 
floppy disk; according to the compa- 
ny, the EPROM-based system is 
faster than a floppy-disk-based sys- 
tem because the code is copied from 
EPROM into RAM for execution. 
The software works with the com- 
pany’s PC-compatible single-board 
computer. It emulates in EPROM as 
many as four PC disk drives, each of 
which can accommodate as much as 
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256k bytes of memory. You can also 
load additional RAM disks into 
memory from the EPROM disk 
drives. One-time license, $1995. 
I-Bus Systems, 9235 Chesapeake 
Dr, San Diego, CA 92123. Phone 
(800) 382-4229; in CA, (619) 569- 
0646. 
Circle No 443 


IMAGE EDITOR 


Halovision is an enhanced version of 
the company’s Dr Halo II. Its image 
editor contains an additional icon to 
control input from a video camera; 
you capture an image and then use 
Dr Halo II’s drawing and painting 
functions to edit and modify the 
image. The software also provides 
virtual page, undo, scaling, curve- 
fitting, image-rotation, image-over- 
lay, snap-grid, menu-switching, and 
symbol-creation functions. Two ver- 
sions are available: Halovision A isa 
display board that works with 
AT&T’s image-capture board and 
video-display adapter; Halovision I 
works with Imaging Technology’s 
PC Vision frame grabber. 
Halovision A, $195; Halovision I, 
$395. 

Media Cybernetics Inc, 7050 
Caroll Ave, Takoma Park, MD 
20912. Phone (301) 270-0240. 
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COMMUNICATIONS 


Ptel, a universal binary-transfer 
program for the IBM PC, PC/XT, 
PC/AT, and compatible computers 
running under MS-DOS 2.0 and 
higher, provides on-line software 
updating, a line-oriented script lan- 
guage, and forward and backward 
scrolling. You can access a database 
of information about the company’s 
other products as well as files of 
product updates, which you can 
download and use to update earlier 
versions of the product. The script 
language allows you to write a 
log-on procedure or command pro- 
gram using a text editor; when a file 
is read, commands are parsed and 
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executed as they are encountered. 
Each script file can call other script 
files, nested 16 deep, limited only by 
available memory. You can write 
intelligent subroutines using an 
error flag and a general counter. 
The program works with such pro- 
tocols as ASCII, XModem, 
Modem’, Telink, and Kermit. $195. 
Phoenix Computer Products 
Corp, 320 Norwood Park 8, Nor- 
wood, MA 02062. Phone (617) 762- 

5030. TWX 710-345-0199. . 
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SPREADSHEET 


The RTSS real-time spreadsheet 
runs off-screen while you are run- 
ning other programs on an IBM PC, 
PC/XT, or PC/AT. With one key 
sequence, you can call up the pro- 
gram. You can view, scale, or evalu- 
ate as many as 1664 sensors. Indi- 
vidual cells can represent raw 
sensor data, scaled data, or the re- 


















tion reduces the possibility of 
coding errors from setting 
multiple switches. Choice of 
BCD or hexadecimal output. 





FEATURES 

® Logic load rating: 2,000 
cycles of operation 

= Epoxy sealed base standard, 
optional top seal available 

® 100% electrical inspection 


Available off-the-shelf from Grayhill or your local Grayhill dis- 
tributor. Ask for your FREE Grayhill DIP Switch Catalog, 


including specifications and prices. 
reagphilt 
co 
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— Square and 0.295” t 
— whenmounted 
8 Terminals located o 
standard centers, with 
common on each side f - 

easy board layout 


LINEAR ACTION SWITCHES 

= Actuator moves along 
primary axis of the switch 

= Also available as 10 or 16 © 
position tap switches with 
common bus, or 10 or 16 
position switches that selec- 
tively close contact pairs 


561 Hillgrove Avenue, P.O. Box 10373 
LaGrange, Illinois 60525-0373 USA 
Phone: (312) 354-1040 TLX: 6871375 
TWX: 910-683-1850 FAX: (312) 354-2820 





sults of a formula that uses data 
from sensors or data contained in 
other cells. You can scan the digital 
sensor data in the spreadsheet cells 
with the cursor keys; when a sensor 
changes value, its new value is re- 
flected in all cells using that sensor 
in their formula. Built-in commands 
are displayed in windows. A graph- 
ics window provides a real-time dis- 
play of any cell. The package works 
in conjunction with other software, 
including Labtech Notebook, and it 







five years ago. 





















Let the Renco 


SC&B System | 
transform your 
switchers. 


Transformers for switchers 
used to be a problem. The reason 
was that all switching power 
supplies should have custom 
transformers, but custom used to be 
expensive and take time. 

Renco transformed all that — like 
magic — by developing the SC&B 
(Standard Core & Bobbin) System 


With six carefully selected ferrite 
“‘E” cores, and glass-filled bobbins — 
plus our 30 years of experience in coil-wound products — we 
can truly custom-design the transformers you need for your 
switchers. And deliver them fast. At standard prices — even for small 
orders. And they’re wound on custom engineered equipment that ensures 
conformance to your requirements. 

Others have copied our SC&B System. But they can’t copy our expertise. 
And they can’t give you as much engineering assistance as we do. Just give 
us the bare specs. We'll transform them into the exact transformers you need 
for your application. Call our TOLL FREE Engineering Hotline 800-645-5828 , 
outside New York State. In NY call 516-586-5566. Or write us at 


— 
__ 


RENCO ELECTRONICS, INC. 


30 years of excellence in coil winding 


operates with the company’s data- 
acquisition system as well as hard- 
ware from Data Translation and 
Metrabyte. $395; demonstration 
disk, $25. 

Data Motion Corp, 1785 
Cortland Ct, Addison, IL 60101. 
Phone (812) 495-2158. 

Circle No 446 


DEVELOPMENT SYSTEM 


M2SDS, Release 2.0, is a software- 
development system for the compa- 
ny’s Modula-2 language. It includes 
an incremental compiler, a syntax- 
directed editor, a linker, 21 library 
modules, multiple window-editing 
functions, and 8087 support. The 
software provides source code for 
all library modules, the ability to 
handle long expressions, comment 
editing facilities, separate color 
maps, and expanded cut-and-paste 
functions. You can add new features 
by downloading from the Modula-2 








DYE 


designs 


AW 


Recognized 
Component 
Underwriters 
Labs Inc. 


60 Jefryn Blivd., East, Deer Park, N.Y. 11729 
We design and manufacture in the USA and ship 


e 


SINCE 1955 


E world-wide. 
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PAPST — The manufacturer of the 
al LONR@) au llatsmelmr-lalcue)dialetomiare 
power of its worldwide expertise to a 
lalea marsteleleliUrelsmstol(ssomalsi0,0)8 om me) s 
more than twenty years, PAMOTOR 
has been sold under a private label 
and effective January 1, 1986, will be 
Jo) (oe) a> mar- tele )ar>lmmc=1e|(e)ar-le-lalem(elersl 
level by PAPST MECHATRONIC 
CORPORATION. 


Under the new sales network, PAPST 
MECHATRONIC CORPORATION will 
provide the same high quality PAMOTOR 
products with efficient and expeditious 
delivery at a lower unit cost. 


All ordering information on PAMOTOR 
will remain the same and additionally, 
idalom alton m(O)W Mere} @ DL Ome) cove loa llat= 
MULTIFAN will become available 
through the distribution network. 














CIRC 


% 


For more information, contact PAPST 
Vi Ole AWE) OM @1@)=1-16)=7-VELO)\ Nels 
your local distributor. 





PAPST MECHATRONIC CORPORATION 
Aquidneck Industrial Park 

Newport, RI 02840 

(401) 849-8810 Telex: 952092 
1-800-242-1520 

(Continental USA except MA) 
1-800-242-1510 (MA only) 

Tats), @ 16) 0) 01-16-16) mon 














SOFTWARE 











bulletin board. Release 2.0, $80.88; 
upgrade for users of M2SDS, $25. 
Interface Technologies Corp, 
3386 Richmond Ave, Suite 200, 
Houston, TX 77098. Phone (800) 
922-9049; in TX, (713) 523-8422. 
Circle No 447 


BASIC INTERPRETER 


The CB-97 Basic interpreter is an 
EPROM-resident interpreter that 
runs on the 8097 16-bit microcon- 
troller on a chip. Reserved words, 
such as GO SUB and LET, are 
converted into much shorter to- 
kens, thereby increasing system 
throughput. It works with integer, 
floating-point, and string data 
types. Integer operations ensure 
utilization of the 8097 hardware. 
Control constructs in the system 
allow the software to represent and 
print constants in hexadecimal; pro- 
vide logical operators (And, Or, 
Xor), byte and word peeks, and 


byte poke; call a user-supplied as- 
sembly-language routine; and pro- 
vide automatic execution upon hard- 
ware reset. The software comes on 
two 2764 EPROMs. $100. 

Allen Systems, 2151 Fairfax Rd, 
Columbus, OH 43221. Phone (614) 
488-7122. 
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FILTER DESIGN 


Dispro, version 1.5, a system for 
digital-filter design, simulation, and 
performance analysis, comes in 
modular form and works with an 
8087 coprocessor. You can design 
IIR and FIR filters and evaluate 
them for operation in fixed and 
floating-point arithmetic. The pack- 
age combines frequency-domain 
characterization with time-domain 
simulation functions. Signal genera- 
tion and spectrum analysis allow 
you to evaluate digital-filter perfor- 


HIGH VISIBILITY 


Wiss 


sizes: 1%", 4", 6", 9", 12”, 18” &@ 24” 


ENERGY SAVING: 
Electromagnetic, bi- 
stable operation. Use 
power only during 
display change. 
Numbers change 
without run-through. 


INHERENT 
MEMORY: 


Indication maintained 
even during power 





Signalex displays save you money in instrumentation, industrial 
controls, timing devices, pumping and metering and produc- 
tion line displays. Call or write for full information. 


The PO. Box H 


N.Y. 11706 516-666-8000 
TLX: 6711657 


Company, Inc. 


CIRCLE NO 151 
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temperatures from 
-40°C to 75°C. 


AND RUGGED: 
No bulbs to replace; long, virtually 
maintenance-free, life. 





CLARITY: 

Visible even in 
bright light; legible 
at distances up to 
1,000 feet. 


Data Cable 


VERSATILE: 
Use indoors or out, in 


@ No AC or DC Power required 

e Derives power from signal leads 

@ Male or Female connectors 

@ 4-wire line termination with 
screw terminals or phone jacks 


Cable cost = $ 20 + .80/ft 
(250 x .80) + 20 = $220 


Maximum baud rate = 9600 





mance under realistic conditions. 
Features include representation of 
coefficients to any word length be- 
tween two and 24 bits and the abili- 
ty to screen plots of frequency re- 
sponses with hard-copy output to 
the printer. The IIR module de- 
signs Butterworth, Chebyshev I 
and II, and Elliptic function filters; 
the FIR module designs _linear- 
phase FIR digital filters using the 
Parks - McClellan - Ramez- exchange 
and Kaiser-window methods. Two 
additional modules, Time and Spect, 
provide time-domain simulation of 
ITR filters and FFT-based spectral 
analysis, respectively. Dispro/IIR, 
$395; /FIR, $295; /Time, $295; 
/Spect, $295; complete package, 
$995. 

Signix Corp, 19 Pelham Island 
Rd, Wayland, MA 01778. Phone 
(617) 358-5955. 
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NEW MODEMS 
ARE CHEAPER THAN 
200 FT CABLES* 
AND OPERATE UP TO 
19,200 BAUD! 


e DTE/DCE selector switch 
© Operates from DC to 19,200 baud 
@ 1 mile at 19,200, 3 miles at 
9600 baud 
© Only $ 77 in single unit quantity 


*Cost comparison (250 ft extended distance data cable) 


Model 81 


Modem cost = $ 77 

Twisted pair (2) @ 500ft = $30 
(2 x 77) + 30 = $184 
Maximum baud rate = 19,200 


OTE 


DCE 


a 
O MODEL 81 Q r 
a 


VIRTUAL CABLE MODEM 
LlEBvi = MADE IN YJ 


aay fam Pe ae ees 

teleBvtie 

' TECHNOLOGY INC. 
Remark Division 


270 E. Pulaski Rd., Greenlawn, NY 11740 


(516) 423-3232 800-835-3298 
TWX 510-226-0449 
A PUBLIC COMPANY 
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"f onthe toughest military _ 
2 tasks, and for the less demand- 
~ ing application the PBS 180E 

_~ version is available. These plug-in 
~~" mass memory systems are expandable 


Plessey bubble memory 
systems are now being used and 
specified in many military en 
programs. For field-proven, mainten- 
Evelelem becauolblole)(cheslcvesteelapecohmeemsels 















rugged PBS range from Plessey Microsystems, * Se MMR uttel-Wste¥i(cbeelesleyaiaeereteco)(omerer-tueu-belembionce 
ie acvarer-@ (oy imoleya(oom sCoyetave)Clnltiambrelinesbicce: writeability eight 1-megabyte memory boards. 
and high storage capacity. And with the introduction of our PBS 85M, a 

For a complete bubble mass memory system, up to military specification cartridge bubble memory data 
24 megabytes capacity, specify PBS 90M. Packaged in an recorder, with 1 to 4 megabytes capacity, the designer has 
ATR box, it can be customized to suit your application EUtablamcoyaset(el-lo)(cbu-tervor-lmebtcwertjorert-le 
needs. Your nearest Plessey 


Microsystems sales office will give 
you all the details. 





PBS 180M is an embedded 
layblole)cbeatareelevaiacnicl seem oleriumconrsl ce Eas 


United Kingdom: Water Lane, Towcester, Northants. NN12 7JN. Telephone: (0327) 50312. Telex: 31628. 
France: BP 74. 7-9 rue Denis Papin, 78194 Trappes. Téléphone: (3) 051.49.52. Télex: 696441. 
Germany: D-6090 Riisselsheim, Bahnhofstrafe 38. Telefon: (061 42 680 04. Telex: 1761 4293. 


USA: One Blue Hill Plaza, Pearl River, New York 10965. Telephone: (914) 735 4661. TWX: 710 541 1512. 


PLESSEY and the Plessey symbol are Registered Trade Marks of The Plessey Company ple. CIRC LE NO 1 53 











Get out of the re: 
into fir 


Photocircuits’ new Fine-Line 
Process meets the design engi- 
neer's need for high density cir- 
cuits with increased perform- 
ance in less real-estate. Circuits 
with 6-mil lines and spaces and 3 
conductors through 100-mil cen- 
ters are currently being produced. 
For a major computer company, 
we re delivering over 2,500 cards 
per week with 32 traces between 
900-mil centers, as shown in the 
enlarged photo above. 


Here are some of the major ben- 

efits of our fine-line circuits: 

e Broad design flexibility allow- 
ing ground plane placement 
next to dense, fine-line traces. 

e Superior electrical perform- 
ance for high speed controlled 
impedance circuits and mini- 
mized EMI, due to uniform and 
predictable fine-line conductor 
geometries. 


282 








Note the superior side-wall 
characteristics of the 6-mil 
trace. 


Photocircuits 


Division of Kollmorgen Corporation 
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e /mproved assembly yields and 
long-term field reliability 
assured by superior solder 
mask coverage and uniform 
thickness over bare copper 
Circuitry. 

We're not just another supplier 

who translates your blueprints 

into circuits. As design “partners,” 
our Applications’ Engineering 

Group assists you in developing 

new board designs that take 

advantage of our Fine-Line 

Process. We offer other new 

developments in plastics, coat- 

ings, and metal finishes, and 
new packaging alternatives 
such as Chip-on-Board and 

Printed Circuit Chip Carriers. 


Call or write today. 


Photocircuits 
31 Sea Cliff Avenue 
Glen Cove, New York 11542 


(516) 674-1399 


EDN January 23, 1986 
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This advertising is for new and current products, 


Please circle Reader Service number 
for additional information from manufacturers. 


5 A comp 


transmitters. 


Gage, Absolute, Differential — 
eax Overpressure 
e Temperature Compensated 
© Piezoresistive _ 


© 316 Stainless Steel 
Diaphragm 


© Sensors: 100mV & 200mV 
-_ @ Transducers: 1-6V 
_@ Transmitters: 4-20mA_ 
| @ Applications: 8 
— Medical Instrumentation _ 
iquid Level — 





430 Persian Drive, Sunnyvale, 


2=mENSORS CA_ 94086 (408) 745-1814 
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NEW CABLE ASSEMBLIES INTERFACE 
68-PIN JEDEC CHIP CARRIER SOCKETS 
TO EMULATORS AND TEST EQUIPMENT 


Series CA-1623 chip carrier socket-to-emulator 
interface cables are for both leaded and leadless 
68-pin JEDEC chip carriers. Establish remote 
access to all contact positions for test and emu- 
lator functions. Interface plug included. Mounts 
in all chip carrier sockets. Its cable is 24” long 
with cut-wire termination. Wire size 28 or 30 
AWG with .050” center leads. 


(Ah enone ELECTRONICS, INC. 


INTERCONNECT PRODUCTS DIVISION 
1700 Hicks Road, Rolling Meadows, Illinois 60008 
312-392-3500 TWX 910-687-0760 
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EXPANDS PC 
PERFORMANCE AT A FRACTION 
OF NETWORKING COST 

@ Adds four to eight serial communication 
ports to IBM PC, XT, AT or compatibles. 

@ Standard RS-232 or optional RS-422 ports 
for increased transmission speed and distance. 
© Supported by Xenix, Multi-Link, RTCS, QNX, 
and other multi-user, multi-tasking operating 
systems. 


Need more information? Call (216) 951-5922, or 
write STAR GATE TECHNOLOGIES, Suite 
109, 33800 Curtis Blvd., Eastlake, OH 44094 
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: SG Ss 
EPROM PROGRAMMER 
Model EP-2B-87 with RS-232, MS-DOS or 
CP/M software. Programs 2708, 2716, 
TMS2716, 2732, 2732A, 2532, 2764, 2764A, 
27C64, 27128, 27256, 27512, 27513, 2564, 
MCM68764 EPROMs; 2816A, EEPROMs; 
8751, 38E70 MPU. Intel, Motorola, and 
Tektronix formats. Stand alone copy, edit, 17 
RS-232 commands. $535 for 8K byte buffer. 
Personality modules $18 to $36. 

Optimal Technology 

Earlysville, VA 22936 

804-973-5482 
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A high quality video 
camera you can plug 
in and forget! 


































Here is a new one-piece camera designed for long-term unat- 
tended operation in machine vision, instrumentation and 
medical systems. Called the ‘Visioneer,’ this new camera is 
extremely temperature stable. When required, maintenance 
couldn't be simpler. All boards are plug-in modules, and all 
board level maintenance can be done with just a screwdriver. 
Bandwidths are available up to 25 MHz, with line rates from 
525 to 1023. Camera includes external drive and internal sync 
generator for automatic backup. If you have special require- 
ments, ask us to customize this camera. It’s designed for that, 
too. From the company with 20 years experience in designing 
video cameras of the highest quality. 


SIERRA SCIENTIFIC 


1173 Borregas Avenue, Sunnyvale, CA 94089 
Telephone: (408) 745-1500 Telex: 172028 SIERRA SUVL 
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THEY'RE 
G FAST! 


“USER GUIDE 


































2 GHz, to be exact. Meet the 
Q-CHIP™ a Gallium Arsenide digital 

MSI cell array that goes faster than any chip alive. Send 
$2500 for our evaluation kit and find out how fast is fast. 


TriQuint @ 


SEMICONDUCTOR 


A TEKTRONIX COMPANY 
PO. Box 4935 Beaverton, OR 97075 - (503) 629-3535 
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MULTIBUS: 


bo) bhai bhaelse elors7 Gre) eats. 





The mSBX-241™ 
Multimodule is a 
robust, precision Real- 
Time Clock/Calendar 
in SBX format with on 
board battery backup. 


General Features: 
_] For high performance systems: 

no wait states or software overhead 
_] Attaches to all SBX and BLX compatible Multibus boards 
(_] Programmable alarm clock and periodic interrupts 
L] 12 or 24 hour time modes, in both BCD and binary format 
CL] Internal 100 year calendar with leap year compensation 
L] Selectable automatic Daylight Savings compensation 
L} Contains fifty bytes of general purpose non-volatile RAM 
|] RMX-86/286 drivers supplied on diskette 


For more information contact: 
Medinova Corporation 
Intelligent Systems Group 


244 West Court, Palatine, Illinois 60067 
Telephone (3 12) 934-4700 


Multibus, Multimodule TM Intel Corp. 
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NEW PGA MICRO/Q® CAPACITORS 
Reduce voltage noise spikes, achieve 
effective decoupling on complex 
multi-layer PC boards. Low-impedance, 
low-inductance decoupling for VLSIPGA 
packages and LCC sockets. Available 
in a range of pinout configurations. 
Rogers Corp., 2400 S. Roosevelt St., 
Tempe, AZ 85282. 602/967-0624. 
CIRCLE NO 204 





INTRODUCING THE FIRST HD64180 
SINGLE BOARD STD BUS COMPUTER 


WinSystems offers the powerful Hitachi 
CMOS 64180 enhanced processor compatible 
with 8080/Z80 software. Features include 
512Kb memory addressing, 2DMAchannels, 
4 RS232/RS422 serial I/O, 2 16-bit timers, 
hardware multiply, & watchdog timer on the 
LPM-SBC5. Supports RAM, EPROM, & 
EEPROM. Available in NUOS/TTL or CMOS 
onthe STD Bus. WinSystems Inc., P.O. Box 
121361, Arlington, TX 76012. 817/274-7553 
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IEEE-488 Analyzer/Controller 
Stores 12, 287 Bus Transfers 


The CmC GBA turns any RS-232 terminal or 
computer into a very powerful full function 
GPIB analyzer and controller. The GBA can 
capture up to 12, 287 bus transactions and can 
display them in a detailed easy-to-understand 
format. Also offers full control of the bus. Price 
$995. 
Connecticut microComputer, Inc. 
PO Box 186 
Brookfield, CT 06804 
1-800-4-CMC-USA 
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© MAYBE THE ONLY DEVELOPMENT 
SOFTWARE YOU'LL EVER NEED 
Table based 8 bit cross-assembler 


r=qocROSS-8 
0 





Tables/Source files included for: 


1802 6502 8048 COP400 
3870 6801 8051 Z8 
8096 6805 8085 Z80 





Modify/Create tables for most 8 bit micros 
Create your own instruction sets 


INTEL, MOTOROLA, TEKTRONIX output formats 
Use with any EPROM programmer 


36 page manual, full instructions 





Available in the following disk formats: 


5” IBM-PC PC/MS-DOS 2.0 or greater, compatibles 
5” APPLE II+/Ile CP/M-80 (Softcard), compatibles 


8” SSSD CP/M-80 (Z80 only) 
$12.995 CDN 


$Q99% US 


Credit card orders: Include card no., name on card, expiry date, 
signature. Nova Scotia residents add 10% sales tax. 


fevecor) ff UNIVERSAL CROSS-ASSEMBLERS 


P.O. BOX 384 13] 4B) 6) 218) NOVA SCOTIA 
B4A 2X3 CANADA 








DIP SWITCH HUNTING, 
MAKE THE RIGHT SELECTION. 
e Specialized maker 
e Thoroughly tested products (100%) 
© Exceptional quality 
e Fast deliveries 
e Switching function: 
2 through 12 positions are available. 
e Contact rating: 
Carry (a) 50V DC 100 mA at Steady situation. 
(b) 24V DC 25 mA at make and break. 
DIPTRONICS MANUFACTURING INC. 
P.O. Box 19-223 Tel: 981-6891 Telex: 10532 DEBLIN 
Taipei, Taiwan, R.O.C. 
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DISTRIBUTE 

YOUR 5 

LITERATURE 
AND 


CATALOGUES 


THROUGH 
THIS SPACE 
FOR ONLY 


$725 


C CROSS-COMPILERS 
MACRO CROSS-ASSEMBLERS 


[vax | [po [1am Pe] 
CUS 


68HC11 





6801/6301 


6805 68000/10 


6809 68020 


VAX, PDP-11: TM of Digital Equip. Corp. 
IBM: TM of Int'l. Business Machines 


INTROL CORPORATION 


647 W. Virginia St. 





Milwaukee, WI 53204 
(414) 276-2937 
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BE REMEMBERED... 






















Enhance your visibility 
to EDN’s 137,000 

EOEM circulation with 
a Product Mart Ad 









To advertise in Product Mart, call Joanne Dorian, 212/576-8015 
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MIL/COMMERCIAL 256K STATIC RAM 


The CMOS 256-03 and 03M are ICl’s latest ad- 
ditions to their hybrid memory line. This device 
is organized as 32K by 8 bits and features 
typical access times of 100NS and standby 
currents of 20uA. The CMOS 256-03M is 
hermetically sealed and screened to MIL-: 


STD-883, priced at $347 (100). Stock-4wks. 
Integrated Circuits Inc. 


10301 Willows Rd., Redmond, WA 98052 


(206) 882-3100. 
CIRCLE NO 209 


Simulator/Debugger for IBM-PC 
for 8048 - 8051 - 8096 uCs 


ResetLoop 


Init state 


no Volt=Max)— yes 


IncVolts VoltsOK 
3:R8 = 88 83 68 86 GF 82 81 68 spovanbasnmaiie 


Execute and debug code for popular single chip micro- 
computers on your IBM PC. Dynamic display with windows 
for source code, control flow, registers, flags, memory, 
commands, and more! Set breakpoints, traps, etc. Cross- 
assembler & EPROM programmers, too. 
8048 8051 8096 7000 Demo disk 

X-Assembler P2058 od anual 
EPROM Prog $245] for simulator 
Simulator * $5951 only $39.50 


“8096 Simulator — $995 


Cybernetic Micro Systems 


Box 3000 @ San Gregorio, California 94074 U.S.A. 
(415) 726-3000 e Telex 171-135 Attn: Cybernetics 
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“‘Tt'sthe Ultimate tes Saver! Molded in a \ 
flame-retardant plastic case, the MKT 1824 


can be surface mounted to either side of 


your circuit board, and is suitable for wave 


and reflow soldering. ~ 


‘Samples, pricing and delivery information 


are available upon request. 
Roederstein Electronics 


Your Source For Quality Passive Components. s 


ROEDERSTEIN ELECTRONICS, INC. 


PO Box 5588, 2100 West Front St., Statesville, NC 28677 
(704) 872-8101 TWX: 810-625-0786 
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High Resolution CAD 
on IBM PC 


© 1024x768 or 640x400 
Color Graphics 
¢ Graphics Editor Electronic Design 
¢ PCB & IC Design 
¢ Schematic Capture 
e Interfaces to SPICE, SCICARDS, 
GDS II, Gerber 























RF AMPLIFIER Model AM-301 
Nominal Specifications 
¢1dBcompression 15dBm 

























































point e 9-State Logic Simulator for PC 
¢1dBbandwidth 3-300 MHz and VAX 
e Gain 15dB 
¢ Input/output less than 2:1 

VSWR_ 
e Supply voltage +7to +30Vv. = SS = oe 
° Price (qty 1-4) $89.95 SS S= Peekeseies 

ACRONSYSTEMS 1101 San Antonio Road 


P.O. Box 62046 
Sunnyvale, CA 94088-2046 
(408) 983-2632 
CIRCLE NO 210 


*§ AFFORDABLE 
ENGINEERING 


Mountain View, CA 94043 
800/222-2660 


IBM PC COMPATIBLE RS232 EASI-DISK 
514" FLOPPY DATA STORAGE & 
TRANSFER SYSTEM 














e 








@ LOCIPRO Root Locus — $69.95 
© ACTFIL Active Filter Design/Analysis — $69.95 

© STAP Static Thermal Analysis — $69.95 

® MATRIX MAGIC Matrix Manipulation — $69.95 

© RIGHTWRITER Proofreader & Writing Analyzer $74.95 
© ACNAP2 AC Circuit Analysis — $69.95 

@ DCNAP DC Circuit Analysis — $69.95 

© SPP Signal/System Analysis — $69.95 

@ PLOTPRO Scientific Graph Printing — $69.95 

@ PCPLOT2 High Resolution Graphics — $69.95 


ye Engineering 
Professional Software 
2200 Business Way, Suite 207 ® Riverside, CA 92501 


(714) 781-0252 
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Reads & Writes IBM PC DOS 5%” Disks 
RS-232C 1/0 
Rugged Portable Package 
Host and/or Manual Controls 
ASCII or Full Binary Operation 
Baud Rates 110 to 19.2 K Baud 
Automatic Data Verification 

e Price $1,095 in Singles - OEM Qtys. Less 
28 other systems with storage from 100K to 35 megabytes 
ANALOG & DIGITAL PERIPHERALS INC 
815 Diana Drive 


— , 
ADP! Troy, Ohio 45373 
513/339-2241 
TWX 810/450-2685 


Branch Off: Oklahoma City. OK - Factory: Yucca Valley. CA 
CIRCLE NO 214 























































Wide-Band Impedance Adapters/ 


Matching Transformers. 


Over 400 models ranging from 20 Hz 

to 1000 MHz in impedance ratios up to 
25:1! Ultra-wide bandwidths and 
outstanding linearity for broadband 
telecommunications, data bus coupling/ 
pulse transmission, test instrumentation 
and LAN cabling systems. Call or 
write for our free catalog. 


aa North Hills Electronics, Inc. 


1 Alexander Place, Glen Cove, NY 11542-3796 
(516) 671-5700 Telex: 46-6886 


CIRCLE NO 216 














HIGH POWER DC REGULATED 
POWER SUPPLIES 1.5 and skw 


rating. 52 standard models with outputs 
ranging from 12 to 480 Vdc at 3 to 200 
amp. Units are compact and lightweight, 
up to 88% efficient and available in rack- 
mount or OEM module versions. 
Features include low-ripple, high MTBF 
and capability for custom design 
variations. For details, call: DISPLEX, 
INC., 1 Alexander Place, Glen Cove, 
New York 11542 (516) 671-4400. 
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IBM PC TO HP 
FILE INTERCHANGE 








PCLIF is an integrated utilities 





software package that allows you 






to transfer files between an IBM 






PC and ail HP computers that 








support the Logical Interchange 


$358 





Format (LIF). Price: 









No extra hardware needed! 







Demonstration disk avaiiabie. 






INNOVATIVE SOFTWARE SYSTENS 

1611-D Crenshaw Bivd. 
Suite i2e 

Torrance, CA. 99569 


(219) 544-2465 
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custom 
mi 
magnetic 
components 
—— nobody 





Chokes 
inductors 


Magnetic 
Amplifiers 


Transductors 







long term ‘‘fail safe’ reliabil- 
ity = repeatability = meets MIL-T-27 and MIL-T-16315 standards 
« all component materials are one temp. class above max. operating 
temp. requirements « 100% testing = total documentation 
When “ultimate performance” is the minimum 
acceptable ae WRITE FOR CATALOG 


\TOE Rw co] ELECTRONICS 


” 410 Oberlin Ave. South. Lakewood, N.J. 08701 © (201) 364-1800 « TWX (201) 363-1611 
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IN 
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AT 
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To advertise in Product Mart, call Joanne Dorian, 212/576-8015 



















GET BIG 


WITH 
JO) DL OL Oah 
MART ADS 


REACH OVER 137,000 
READERS — 
ALL SPECIFIERS 
OF ELECTRONIC 
COMPONENTS, SYSTEMS 
AND EQUIPMENT! 


<a 














mputer 


= EXPANSION MODULES: RAM, EPROM, CMOS RAM/ 
battery, analog 1/O, serial 1/O, parallel 1/O, counter/ 

~ timer, IEEE-488, EPROM programmer, floppy disks, 
cassette, breadboard, keyboard/dispiay. 


Wintek Corp, : 
= Lafayette, IN 47904 
2 : 800-742-6809 
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SOLID 
STATE 
HYBRID 
AC/DC 
RELAYS 


Teledyne’s 641 AC relay provides a triac out- 
put rated at 1/2 amp up to 50°C ambient with- 
out a heat sink. Transformer isolation is 
2500VRMS, turn-on time is 2usec. Other 
features include TTL compatible input, 10 amp 
surge Capability, low minimum output current 
(5mA), UL recognized, CSA certified. Hybrid 
microcircuit assembly is molded in a TO-116 
plastic DIP. Model 643 is the DC version. 
Priced in quantity at $6.55 ea. 
Teledyne Solid State 
12525 Daphne Avenue, Hawthorne, CA 90250 
(213) 777-0077 
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EE/EPROM PROGRAMMER...with 
Eraser...the ‘‘BEST’’ for $1295. 
———— DIGELEC Model 824 ———— 
M@ RAM 512K, upgradeable to 2048K 

@ Programs 2716 to 27512, upgradeable 

@ MOS, CMOS, 40-pin micro P’s, no adapters 
@ Programs virtually all mfg’s, 220 + devices 
@ Time-saving quick-pulse & Int. algorithms 

@ Complete stand-alone editing, 16-char. display 
@ RS-232 Remote control, translation formats 
@ Optional IBM-PC/AT menu-driven S.W. 


PHONE 201-493-2420 
DIGELEC, Inc., 1602 Lawrence, Ocean, NJ 07712 


@ Also mfg of LOGIC, GANG, OEM, PC Board, 
& UNIVERSAL PROGRAMMERS 
CIRCLE NO 222 
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Revised handbook covers 
synchro-conversion topics 


The 116-pg revised edition of the 
Synchro Conversion Handbook in- 
cludes a new section that lists appli- 
cation notes and another new sec- 
tion that serves as a guide to the 
manufacturer’s products. The hand- 
book covers such topics as the fun- 
damentals of angle-sensing trans- 
ducers and data-conversion devices, 
theory of operation, measuring and 
computing performance parame- 
ters, and design constraints and se- 
lection criteria. The handbook ac- 
quaints you with the principles of 
synchro conversion and provides in- 
sights into the tradeoffs between 
different methods. 

ILC Data Device Corp, Market- 
ing Dept, 105 Wilbur Pl, Bohemia, 
NY 11716. 
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MIL-STD-1553 interface 
explored 

This preliminary data sheet covers 
the manufacturer’s MIL-STD- 
1553B remote-terminal interface, 
the UTI 1553B RTI. Through text, 
tables, and diagrams, the 20-pg 
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publication covers interface fea- 
tures, electrical characteristics, the 
interface architecture, and a pinout 
description. It also includes sections 
on general information, transparent 
memory access, and the control reg- 
ister. In addition, it provides timing 
diagrams and outline diagrams. The 
pamphlet is 3-hole punched for 
loose-leaf filing. 

United Technologies Microelec- 
tronics Ctr, 1575 Garden of the 
Gods Rd, Colorado Springs, CO 
80907. 
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Chart gives material specs 


This slide chart features material 
specifications for pe boards. The 
chart offers at-a-glance information 
on physical, mechanical, electrical, 
and thermal properties of different 
grades of materials from different 


manufacturers. Also covered are 
tooling concepts and the use of raw 
materials. Send business card with 
your request. 
Dynacircuits Inc, 11230 Addison 
St, Franklin Park, IL 60131. 
INQUIRE DIRECT 


VME Bus packaging 
highlighted 

VMEbus Packaging and Intercon- 
nections is a 20-pg book that helps 
you advance VME Bus systems 
from logic and circuit design to the 
finished product. The book begins 
with an overview of VME Bus char- 
acteristics, features, and standards, 
and goes on to explain interconnec- 
tion and packaging considerations 
and alternatives in terms of system 
performance. The book includes 


; | AN | 


THE INLAB 28 
LOGIC/MEMORY 
PROGRAMMER 


t must be magic! How else could 
INLAB load all these features into 
such a small package: 


¢ Capable of programming hundreds 
of logic and memory devices, including 
all of the most frequently used PLDs! 
e Small and portable-less than 26 
ounces! 

¢ Completely software driven - ZIF 
Universal socket accepts all devices up 
to 28 pins! 

e Available with CUPL™, the design 
software from Assisted Technology! 

e Compatible with both JEDEC and 
Intel HEX download file formats! 

e Standard RS232 interface links the 
Model 28 with most host systems! 

e Inexpensive firmware updates ensure 
long instrument life! 


What more could there be? How about 
EPROM programming and emula- 
tion, from 2716 up to 27256 (including 
CMOS) Its like getting an EPROM 


programmer/emulator - for free! 


It’s no illusion! For only $1995. we can 
make a Model 28 appear before your 
very eyes! Just give us a call at: 


303/460-0103 


We'd like to do some magic for you! 


IN28 


A Hathaway Company 


2150-I West 6th Avenue 
Broomfield, CO 80020 





CUPL is a trademark of Assisted Technology; some elements 
of the Model 28 are manufactured and marketed under 
license from Digital Media, Inc. 
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WORLD’S _ 
= BS 
DIP SWITCRrH 


SAME SIZE 
AS AN 
IC 


THE LOW PROFILE K40 DIP IS 
THE SAME SIZE AS AN IC 


NO MORE HAND LABOR. 


YOU CAN USE AUTOMATIC 
INSERTION EQUIPMENT! 


If you don’t have automatic insertion equip- 
ment, we’re banking that some day you will. To 
prove that, we'll charge you the same low price 
for all your purchases—no more need for the 
low-volume premium prices you’re paying now. 


AVAILABLE IN 
2,3,4,5,6,7&8 
POSITIONS 


FREE SAMPLE! 


WITH STAPLED BUSINESS 
CARD TO YOUR LETTERHEAD 


AMERICAN RESEARCH 
& ENGINEERING 
1500 EXECUTIVE DRIVE 
ELGIN, IL 60120 
12-888-7245 


Gan the it} bill! 
CIRCLE NO 155 
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LITERATURE 





specs for card cages, backplanes, 
VME interconnect boards, and 
wire-wrapped circuit boards, as 
well as test-extender cards and ac- 
cessories. Also covered are the 
manufacturer’s engineering and 
manufacturing support services. 
Hybricon Corp, 410 Great Rd, 
Littleton, MA 01460. 
Circle No 407 





Data sheet probes A/D 
converter and counter/timer 


Describing the Dash-8 A/D convert- 
er and counter/timer board, this 
data sheet probes input resolution, 
accuracy, and sample rates as well 
as temperature coefficients and 
drift rates. The sheet also details 
the software provided with the 








Dash-8, which suits the IBM PC, 
PC/XT, PC/AT, and compatible 
computers. In addition, it describes 
the board’s counter/timer capabili- 
ties, digital-I/O functions, and ac- 
cessory boards. 
MetraByte Corp, 254 Tosca Dr, 
Stoughton, MA 02072. 
Circle No 408 





High-reliability 

custom hybrids covered 
Custom Hybrids for Space and 
Hi-Rel: Survival of the Fittest is a 
4-color brochure that describes the 
company’s Class S and B custom- 
hybrid manufacturing capability. 
The hybrids use thick- and thin-film 
technologies to package circuits 
from de to 22 GHz. 

Frequency Electronics Inc, 55 
Charles Lindbergh Blvd, Mitchel 
Field, NY 11553. 

Circle No 409 


Microwave parts described 


The manufacturer’s line of micro- 
wave components, including coaxial 
and waveguide switches, dummy 
loads, and crystal detectors, are de- 
tailed in this 24-pg brochure. Also 
presented are bolometers and RF 
micropotentiometers. Among the 
coaxial switches described are high- 
frequency, high-power devices that 
spec 1M-cycle reliability. The com- 
pany supplies waveguide switches 
for L band to KU band and three 
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series of dummy loads (medium- 
power, high-power, and liquid- 
cooled), as well as 50W coaxial mini- 
ature dummy loads. 
Micronetics Inc, 36 Oak St, Nor- 
wood, NJ 07648. 
Circle No 410 





Brochure highlights 
communications terminal 


A multiport, multifunction mes- 
sage-communications terminal is 
the subject of this 6-pg, 4-color bro- 
chure. The publication describes ca- 
pabilities and specs for the en- 
hanced Micronet 8, which can now 
have as many as nine configurable 
ports. The unit lets you combine 
Telex, high-speed, leased, and other 

telecommunications lines. 
Sidereal Corp, 9600 SW Barnes 

Rd, Portland, OR 97225. 
Circle No 411 
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IR products characterized 


Through diagrams, charts, and il- 
lustrations, this comprehensive 
data book characterizes approxi- 
mately 400 IR-emitting products. 
The 448-pg document covers IR di- 
odes, photosensors, and optically 
coupled isolators. It also details 
slotted optical switches, reflective 
sensors, and Hall-effect switches. 


The publication includes a device 
index, a product-selection guide, 
and a glossary. In addition, applica- 
tion notes describe methods and 
techniques for using the devices. 
TRW Electronic Components 
Group, Optoelectronics Div, 1207 
Tappan Circle, Carrollton, TX 
75006. 
Circle No 412 


We Design 
Inductors With 


A New Twist. 


When people have special inductor needs, they call the inductor 
specialists, J.W. Miller. ° 

me) masse sors em a\- mal lanisme\=<i(eai=/sel me male |ara(-\e1ame|(@lalmyV—1(- mane 
sweat about overheating failures with the high-Q, high voltage RF 
coils they were winding. They called us and we produced a coil 
Williaken ane (saalselm=li(s\el\emaneli=1(e]ficellia\e Mian ics scra ian] @)(@), 70) 
efficiency and lower temperatures all around. 

When US. Navy planes’ NAV/COM equipment soaked up mois- 
ture, causing frequency drift, they sent us an S.O.S. We responded 
by creating coils with an internal sealing system that kept the water 
out, the Navy on course. 

[Nave ia Wen e)|nve Me RS=(e1(=]me@)V(-l(nlan\= ale ©)(@)|-\e1e ie ||(-161 (0) mere ||(—Te RUT 
to wind custom coils for high-voltage lasers. Fast. He beamed when 
we tooled fixtures, wound coils and delivered on time. Which was 
overnight. 

When people call, we answer. 1-213-537-5200. 


J. W. Miller 


i fay=amsve) e)(-m ele R@xe allel aie 


BELL INDUSTRIES /J.W. Miller Division 
19070 Reyes Ave., P.O. Box 5825, Rancho Dominguez, CA 90224. 


Phone (213) 537-5200, TWX 910-346-6740, FAX (213) 631-4217. 
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SILOS-e 


Logic and Fault Simulation 
Designed by Popular Demand 


THE RIGHT TOOLS 

lf you’re designing electronic circuits, you know the importance of 
having reliable software tools. The measure of any product is what it 
actually does for you. Not what a salesman claims it does. 
Not what it will do ‘‘in the next release’. You need an established 
product with proven 
features that addresses 
your requirements. 


PROVEN QUALITY 


simuCad’s  SILOS® 
simulator has been used 
for over two years by 
hundreds of design 
engineers throughout 
the world. SimuCad is 
continually and carefully 
improving its products. 
We don’t add a program 
feature just because a 
competitor claims to 
have it. We listen and 
respond to the requests 
of our customers who 
are using SILOS in a day-to-day, real-world, industrial environment. 


SILOS-2™ 


SILOS-2 is the newest version of SimuCad’s popular SILOS logic 
and fault simulation package, with enhanced timing, testability 
analysis and test-interface capabilities. It has a wide range of 
modeling elements, including switch-level, gate-level, flip-flop and 
user-defined functional/behavioral models. SILOS-2 uses our pro- 
prietary high-speed concurrent fault simulation algorithm which is 
one of the fastest in the industry. 


FEATURES 

You can use SILOS-2 as a basic 4-state systems 
simulator or take advantage of our powerful 12+5 
State simulation capability with charge sharing 
and charge decay. SILOS-2 can be run in both 
batch and interactive modes with many possible 
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SILOS-2 is available on all the popular 32-bit workstations, minicomputers and mainframes. 
P-SILOS runs on a standard IBM XT or AT. 





oimuCad 


Simulation for Computer Aided Design 
920 Incline Way, Bldg. 2 
P.O. Box 3400 
Incline Village, NV 89450 
(702) 831-1399 Telex: 9103508122 


CIRCLE NO 158 


tabular and graphical output formats. For systems design, SimuCad 
offers an optional TTL modeling library. 


P-SILOS™ 

P-SILOS is a logic-simulation-only version of SILOS-2 that runs on a 
Standard IBM XT or AT 
or equivalent. It is com- 
pletely data compatible 
with SILOS-2. P-SILOS 
allows simulation of net- 
works with up to 506u 
switch, gate and func- 
tional level models. 
P-SILOS runs faster on 
an IBM AT than some 
other simulators run on 
super-minis. 


THE 
COMPANY 
BEHIND 
THE 
PRODUCT 


simuCad (formerly 
SimuTec) has been in the logic simulation business for over five 
years. Our staff includes simulation experts and design engineers 
with over fifteen years of individual experience. We are dedicated to 
support for our customers both directly, and through our growing 
network of OEM’s and distributors. 


FREE EVALUATION 

We at SimuCad believe that the only way to properly evaluate any soft- 
ware product is for you to use it, on your computer, on your circuits. 
For qualified customers, SimuCad offers a free 
30-day evaluation of SILOS-2 or P-SILOS. We 
believe that we have the best product on the 
@ Market, and we believe that when you try SILOS, 

you will agree. Call us at (702) 831-1399. 


IBM XT & AT are registered trademarks of International Business Machines Corporation. 
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Starting a business in an incubator 
gives entrepreneurs the edge on success” 


Deborah Asbrand, Staff Editor 


Small-business entrepreneurs are 
finding inspiration in the maxim 
that there is strength in numbers, 
and they’re putting it to use in a 
way that gives their young compa- 
nies added chances for success. In- 
stead of single-handedly taking on 
the financial burdens of setting up 
new businesses, entrepreneurs are 
taking advantage of business incu- 
bators, which allow new companies 
to share work space and operating 
expenses while they make their way 
through the start-up stage. 

Incubator tenants share tele- 
phone and _ secretarial services, 
word-processing and photocopying 
equipment, conference rooms, and 
sometimes access to computer ter- 
minals. Perhaps of greater impor- 
tance than the shared support serv- 
ices is the readily available 
assistance of financial, marketing, 
and accounting consultants. After a 
period of two to three years, the 
businesses are ready, and in most 
cases required, to move out of the 
facility and begin operating inde- 
pendently. 

Incubators’ supportive environ- 
ments are particularly attractive to 
high-technology and_ electronics 
companies, which often go without 
sales income through the long peri- 
ods of initial product development. 
For the technical specialist at the 
helm of an electronics company, the 
consulting services can be a boon. 
“For many engineers, incubators 
can bring business and financial 
sense to their business,” says Uni- 
versity of Minnesota researcher 
Candace Campbell. 

Incubators first emerged in the 
mid-1970s when a number of 
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urban communities hit 
upon the idea as a 
means of starting new 
businesses to stimu- 
late local economies 
and to provide jobs. 
Since 1983, the con- 
cept has __ rapidly 
caught on throughout 
the public and private 
sectors and even at 
universities. Pennsyl- 
vania State University 
researcher David 
Allen identified 70 in- 
cubators in operation 
in December 1984; one 
year later, that num- 
ber had nearly dou- 
bled. Allen predicts 
that 1000 incubators 
will be in operation by 1990. 

Lending credence to Allen’s opti- 
mistic forecast are the 10,000 in- 
quiries about incubator programs 
that flooded the US Small Business 
Administration’s Office of Private 
Sector Initiatives during a recent 
12-month period. The Office of Pri- 
vate Sector Initiatives held seven 
conferences on incubators last year. 
These conferences were attended 
by more than 2500 people. 


Response to economic realities 


Shifting economic factors are pri- 
marily responsible for the rapid 
growth and acceptance of the incu- 
bator concept. Many cities that re- 
lied heavily on such traditional in- 
dustries as steel, automobiles, or 
textiles had their economic security 
pulled out from beneath them when 
these industries foundered and 
closed factories. Faced with stag- 
gering unemployment and dim pros- 
pects for attracting large industrial 





tenants to occupy the vacated build- 
ings, communities were forced to 
look for innovative ways to use the 
space and create new jobs. 

To accomplish these goals, com- 
munities collaborated with the pri- 
vate sector in ways that benefited 


both parties. For example, when 
Olin Corp announced plans to vacate 
the 80-acre industrial site it occu- 
pied in New Haven, CT, city offi- 
cials were left with the problem of 
what to do with the site’s 20 build- 
ings and more than 3 million square 


feet of space. Olin donated the 


buildings to the city, thus earning a 
tax write-off and the city’s goodwill. 
Funding from the city, the state, 
Yale University, and Olin laid the 
groundwork for the Science Park 
Development Corp, a business reha- 
bilitation and development project 
that now includes two incubator fa- 
cilities. These incubators house 75 
small businesses. 
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While the nation’s changing eco- 
nomic landscape posed problems for 
city and state communities, the at- 
tempt to solve those problems 
threw a new light on the economic 
contributions of small businesses. It 
became clear that cultivating small 
businesses made sense: Small com- 
panies employ 48% of the nation’s 
workers and generate 38% of the 
gross national product. At the same 
time that local governments and pri- 
vate concerns were discovering the 
potential of small businesses to bol- 
ster local economies, increasing 
numbers of workers were finding 
the idea of starting a new business 
irresistible. In 1984, 102,329 small 
companies opened their doors, up 
16% from 1979. 

Nurturing the growth of these 
young companies, and thereby in- 
creasing their chances of survival so 
that they might expand and become 
profitable, was a sensible, yet unex- 
plored, option. Bringing the busi- 
nesses together to share space and 
support services was seen as a way 
to boost their chances of success and 
provide safe passage through the 
critical first years of operation. In- 
deed, start-up companies can use all 
the support they can get: The Small 
Business Administration estimates 
that 70% of small businesses fail 
within the first five years. 


Incubators differ in methods 


“No two incubator facilities are 
exactly alike,” says Campbell. 
“Hach has been developed to meet 
its own market niche.” Private con- 
cerns have different reasons for pro- 
viding the service than city and 


state governments, and even within 
the private sector the rationale can 
vary. An example of private-sector 
involvement in incubators is Control 
Data Corp, which opened its first 
Business and Technology Center in 
1979 near the company’s headquar- 
ters in the Minneapolis-St Paul 
area. The company now owns or 
licenses 24 incubator facilities with 
more than 700 tenants. Businesses 
started in the Business and Technol- 
ogy Centers have generated more 
than 6000 jobs in the last six years. 

Tenants in Control Data’s centers 
have access to a telephone-answer- 





“For many engineers, incu- 
bators can bring business 
and financial sense to their 
business.” 


ing service, word processors, and 
photocopiers. The centers also pro- 
vide discounts on equipment, car 
rentals, and group health and life 
insurance plans. Consultants are 
available on a contractual basis. In 
addition, the businesses are elec- 
tronically linked through a network 
that allows them to list their prod- 
ucts, prices, and services. A data- 
base provides information about 
government contracts. 

What Control Data gains from its 
centers is a ready market for its 
computer-based education and 
training programs for small-busi- 
ness managers. The company hopes 
that, once a business leaves the in- 


For more ferination ies 


More information on incubators i is available from the US Small 
L Business Administration, Office of Private Sector Initiatives, 1441 L 


‘St NW, Washington, DC 20416; phone (202) 652-7880. The office 
publishes a monthly newsletter, Incubator Times, that contains gen- 
_ eral information and conference dates and cites other sources of 
information on incubators. The newsletter i is es upon request. 
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cubator, it will continue to use Con- 
trol Data’s training programs as 
well as its accounting and spread- 
sheet software packages. 

~The Rubicon Group in Austin, 
TX, is a different kind of privately 
sponsored incubator. Tenants who 
set up shop in the facility pay for 
neither the work space they use nor 
the support and consulting services 
that the Rubicon Group’s staff of 35 
provides. Instead, the Rubicon 
Group takes a 25 to 75% stake in 
each business. The facility’s tenants 
are all hardware, software, or sys- 
tems companies. By giving each 
start-up careful attention, founder 
Steve Szygenda, a former engineer, 
is banking on producing successful, 
profitable ventures. 

Szygenda has been surprised and 
pleased that many of his incubator’s 
applicants have been older—and 
therefore more experienced—tech- 
nical professionals. “We’re finding 
people with 20 years’ experience 
who want to take a crack at their 
own business, which is even better 
because they know their indus- 
tries,” he says. 


Screening processes vary 


The screening process for appli- 
cants varies at each incubator. 
Some facilities are open to any en- 
trepreneur as long as space is avail- 
able. Others, like the Rubicon 
Group, are looking for technology- 
based companies that have better- 
than-average chances of earning a 
high return on investment. At the 
Advanced Technology Development 
Center (ATDC) in Atlanta, GA, ap- 
plicants go through a rigorous pro- 
cess of developing a business plan 
that must then be presented to and 
approved by a review panel. 

ATDC is part of the University 
System of Georgia and is governed 
by its board of regents. Its tenants 
maintain strong ties to the universi- 
ty system and have access to uni- 
versity laboratories, equipment, 
and library services. Tenants are 
“essentially taken into the universi- 
ty community with us as their spon- 


EDN January 23, 1986 


ISSUES 


sor,’ says Don Plummer, manager 
for research and communications at 
ATDC. 

“If you don’t need the services of 
the university or don’t benefit from 
the shared services, we'll probably 
recommend you locate somewhere 
else and use our consulting serv- 
ices,” says Plummer. “We try to 
reserve this space for people who 
need contact with the academic 
community.” 

The center has come a long way 
from its beginning in 1980 in a reno- 
vated high school. It now occupies 
83,000 square feet in two new build- 
ings constructed at a cost of $6.1 
million. The buildings house 20 ten- 
ants and offer office, laboratory, 
and light manufacturing space. The 
success record of ATDC’s new busi- 
nesses is admirable: Of the 40 com- 
panies that have moved out of the 
incubators, only eight have failed. 








Chances for success improve 


The ATDC success rate is indica- 
tive of the fortunes incubators can 
bestow. The chances of success for 
those businesses that spin out of 
incubators are higher than for those 
companies that begin operations in- 
dependently. Allen’s reseach shows 
that two-thirds of the companies 
that spend their early years in an 
incubator survive. 

For business owners, the most 
important part of starting out in an 
incubator isn’t just the shared serv- 
ices. Neighboring entrepreneurs, 
who are encountering the same ob- 
stacles or have met the same prob- 
lems and can offer advice on how to 
solve them, become ready-made col- 
leagues. Many incubators regularly 
hold round-table sessions that give 
business owners and managers op- 
portunities to talk about their frus- 
trations and their successes. EDN 
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(Circle One) 
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TANCHIP® OVER 15 YEARS OF EXPERIENCE, 
BUILDS HIGH QUALITY AND RELIABILITY 
FAILURE RATE: L (2%/1000 HRS) 
TEMPERATURE RANGE: —55 TO +125°C 
CAPACITANCE RANGE: 0.1 TO 100 pF 

RATED VOLTAGE: 4 TO 35 VDC 


| }® MATSUO ELECTRIC Co.,LTD. 


3-5, 3-CHOME, SENNARI-CHO, TOYONAKA-SHI, OSAKA, JAPAN. 
TEL:(06)332-0871 TELEX:523-4164 FAX:06-331-1386 


U.S.A.:MATSUO ELECTRONICS 
2134, MAIN ST., SUITE 200, HUNTINGTON BEACH, CA 92648 U.S.A. 
TEL(714)969-2491 TWX:910-596-1828 FAX:(714)960-6492 
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CAREER OPPORTUNITIES 


1986 Editorial Calendar and Planning Guide 


Issue Recruitment EDIN 


Date Deadline Editorial Emphasis 















Mar.6 Feb. 7 Semicustom IC (Array) Directory (CAE-related*); Communications ICs; Com- 
puter Board Directory; Connectors 















Closing: 3/13 
Mailing: 3/25 


Mar. 20 Feb.21 ‘Test & Measurement; Analog ICs; Computer Peripherals; Support Chip 
Directory 
Apr. 3 Mar. 7 Communications Special Issue; Communications ICs; CAE; Buses; April Fools 
Papplenen Closing: 4/10 
Mailing: 4/22 
Apr. 1 Mar. 21 Power Supplies; Development Software; Memory Technology; Computer 
Graphics Devices (CAE-related*); Electro °86 Product Preview 
May l Apr. 4 Electro ’86 Show Issue; Sensors/ Transducers; ICs; Test & Measurement; Dis- 
lay Te l 
pave eecey Closing: 5/8 
Mailing: 5/20 


May 15 Apr. 18 Programmable Logic Devices; CAE; Communications Components; 


Optoelectronics 


May 29 May Zz Analog Technology Special Issue; Data Converters; Analog ICs 









Call today for information. 


East Coast Jennifer Purinton (212) 576-8049 
West Coast Dan Brink (714) 851-9422 
National Roberta Renard (212) 576-8048 


Silicon SUS 


INNOVATORS IN J INTEGRATION 


Research & Development 


Since 1969, Robert Kleven and Company has been con- 
sistently serving the finest companies in the nation, pro- 
viding professional placement quickly and confidentially. 
We have the resources and expertise to locate highly 
qualified candidates to fill the most demanding posi- 
tions. Current openings exist in the following areas: 


WE ARE HIRING! 


Silicon Systems, Inc. is the company whose unmatched performance in the 
competitive semiconductor industry has resulted in steady growth and 
Stability. We are a leading manufacturer of Applications Specific Integrated 
Circuits (ASIC) for the Telecommunications and Microperipheral Industries. 


Our outstanding success is the result of our progressive corporate 
philosophy. We believe in assembling innovative design, marketing and 
support teams, and giving them the freedom, management support and 
compensation that encourages new ideas. This philosophy works! 


We are now aggressively seeking additional professionals, who share our 
spirit, for the following opportunities: 


¢ SR. APPLICATIONS ENGINEER e SR. DESIGN ENGINEERS 
Microperipheral Products (Standard Cells) 


e SR. APPLICATIONS ENGINEER = @ SR. MASK DESIGNERS 
Telecommunications Products e SR. LAYOUT DESIGNERS 
e SR. DESIGN ENGINEERS e PRODUCTION SUPERVISOR 
e SR. DESIGN ENGINEERS Assembly 
(Digital/CMOS) e PRODUCT MARKETING 
¢ SR. DESIGN ENGINEERS MANAGERS 
(Linear / Bipolar) e PRODUCT MARKETING 
ENGINEERS 


Advanced Communications Instrumentation 
Radar Development | Lasers and Optics 
Analog Design Mech/Electro-Mech Design 
ATE Design Network Communications 
Command & Control Operations Analysis 
Digital Design Power Supply Design 
Electro-Optics RF & Microwaves 
Electronics Packaging Semiconductor Technology 
Firmware Engineering Systems Engineering 
Guidance & Navigation Signal Processing 
Image Processing VLSI Design 


Experienced candidates should call or send resume to: 
Dick Maunder or Manny Sugerman at 617-861-1020 for 
further information. 


Robert Kleven and Co., Inc. 
HUMAN RESOURCES MANAGEMENT CONSULTANTS 


181 Bedford Street, Lexington, MA 02173 
P.O. Box 636 
Additional Offices in Lexington and Boston 


Silicon Systems is located in Orange County, California, 40 miles south of 
the metropolitan Los Angeles area. This is an opportunity to be involved 
with a dynamic high tech company whose corporate philosophy encourages 
new ideas. 





To apply for these positions, please send resume with salary requirements 
to: SILICON SYSTEMS, INC., Dept. EDN, 14351 Myford Road, Tustin, 
CA 92508. 


Equal Opportunity Employer 
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Engineers 


Martin Marietta Corporation 


PROUD OF MORE THAN 


HALF A CENTURY OF LEADERSHIP 


IN DEFENSE TECHNOLOGY. 





At Martin Marietta, Baltimore Aerospace, we are proud of our more 
than half a century of leadership in providing defense technology to 
the United States Government. Right now we are working on some 
of the most exciting missile systems/combat weapons systems integra- 
tion programs ever initiated for the 

U.S. Navy. 


This program has created immediate opportunities for the following 
professionals: 


SOFTWARE ENGINEERS 


BSIMS/PhD EE, CS, or Math with a minimum of 3 years experience in 
one or more of the following areas: 


e Realtime programming 

¢ CMS-2, CMS-2M, Ada® USP Languages 

e Artifidal intelligence and knowledge based systems 

¢ UYK-20, 7, 43 and 44 and microprocessor based computer 
languages 

¢ Implementation of state-of-the-art solutions to realtime combat 
systems 

e Engineering problems 

e Software testing and quality control 

¢ Information management 

¢ Relational data base design 


ELECTRONICS ENGINEERS 


¢ Signal Processor Manager - Requires a digital computer architec- 
ture/systems designer with at least 15 years of experience and a 
minimum BSEE. Digital electronics experience including digital circuit 
design, distributed processor design, microde/firmware experience 
necessary. Will supervise a team of computer signal processing 
HWISW/ designers. 


Digital Design Supervisor - Requires a degreed Engineer with a 
high level of initiative and ability to assume management respor- 
sibilities. Background should include digital and analog design for 
military subsystems and some prior supervisory experience as well 
as experience in designing digital processors, controllers and related 
interface. Microprocessor hardwarelfirmware experience required. 
6+ years related experience preferred. 


Signal Analog Circult Design - Requires low level signal analog 
circuit design experience. CMOS analog and standard cell integrated 
Circuit design experience desirable. 


¢ Electronics Packaging - Requires knowledge of materials com- 
ponents design and fabrication. Shipboard and ASW/ experience 
helpful. Should have knowledge of printed circuit design, fabrication 
and application and some familiarity with stress dynamics and ther- 
mal analysis. 


¢ Digital Design - High speed militarized local area network (LAN) 
experience required. 

¢ Component Engineering - Requires a BSEE or Physics with a 
minimum of 2 years of experience in component test/failure analysis. 
Background in analog/component test/failure analysis. Background 
in analog/component test circuit design is also necessary. 


SUPPORT ENGINEERS 

¢ Design Checkers - Aerospace checkers experienced in all phases 
of design with good working knowledge of DoD-STD-100, ANS! 
specs and DoD-D-1000 specifications. Minimum requirements: BS or 
equivalent, 12-15 years experience. 


¢ Rellability Engineers - Position requires BSEE with 5 years 
experience in reliability engineering preferably on USN programs. 


Background should include thorough knowledge of MIL-HDBK- 
217D, MIL-STD-785B and MIL-STD-756 to perform reliability predic- 
tions of electronic equipment, reliability programs, systems and 
equipment, reliability modeling and production. 


Maintainability Engineers - BS Engineering for entry level 
assignment. Digital experience required with minimum of 5 years 
maintainability experience to include hands-on electronic system 
repair, LSA/LSAR, MTTR predictions, corrective and preventative 
maintenance, plus demonstration test. Some travel required. 


Technical Writers - Strong engineering background with DoD- 
100C and DoD-1000 knowledge. Must be able to generate 
engineering procedures. Degree preferred. 


INDUSTRIAL ENGINEERS 


e Sr. Industrial Engineer (Methods) - 4+ years experience in 
Bonding (composite & metal) in craft assembly/tooling. Classical 
industrial skills required such as work simplification, manpower, 
forecasting, methods improvements, line balancing, and short 
internal schedules. 


¢ Industrial Engineers (Standards) - BSIE required. Familiar with 
predetermination time systems MIL-SPEC 1567A. 


¢ Industrial Engineers (Cost & Budgets) -BSIE or equivalent with 
2+ years experience. Knowledge of DoD 7000.2 a plus. 


SYSTEMS ENGINEERS 


BSYYMS/PhD EE/ME or related science with a minimum of 3 years 
experience in one or more of the following areas: 


e Analysis of weapon system operational needs and concepts leading 
to design and integration requirements 

e Analysis and trade studies to optimize performance parameters and 
define systems configurations 

¢|ntegration of technical parameters to assure interface compatibility 

¢Definition of combat system architecture 

ePerformance of functional allocation analysis 

ePerformance of electromagnetic compatibility analysis 

e Performance of ASW/ analysis 

¢ Technical control of communications systems, message processing and 
digital communications 


SYSTEMS TEST ENGINEERS 


eBSEE with a minimum of 5 years experience in test and troubleshoot 
of sophisticated military electronics equipment. This position requires a 
large percentage of travel to user location. 


QUALITY ENGINEERS 


¢ Corrective Action - Degree desirable with 3-5 years experience in 
the manufacture of military electronic or electromechanical assembly. 
Must be familiar with MIL-STD-1520 and MIL-Q-9858A. Background 
must include customer and supplier interface with MRB engineering 
experience. 


¢ Electromechanical Inspection - BSME or BSEE degree with 
experience in analog and digital electronic technology, writing pro- 
cedures and instructions. 


Be part of a company with a history, making history. Find out more 
about these unique opportunities. Forward your resume with cover 
letter indicating position of interest to: Employment Department EDN 
186 Martin Marietta, Baltimore Aerospace , 103 Chesapeake Park Plaza, 
Baltimore, MD 21220. We are an equal opportunity employer mifihiv. 
U.S. Citizenship required. 


®Ada is a registered trademark of the DoD. 


MATIN MAFIETTA 


Pa ee eee ae ee ee 
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BELL HELICOPTER 
CAREERS IN 
ENGINEERING 


We are seeking top-notch talent to fill the follow- 
ing positions and we offer salaries and benefits to 
attract the best. Appropriate BS degree in engi- 
neering required, plus three or more years expe- 
rience in the following areas: 


ELECTRONIC DESIGN 
AIRBORNE SOFTWARE 
AUTOMATIC FLIGHT CONTROLS 
ELECTRICAL DESIGN 
SYSTEMS INTEGRATION 
STANDARDS & CALIBRATION LAB 
WIRING & INSTALLATION 
OPERATIONS ANALYSIS 
RADAR CROSS SECTION ANALYSIS 


U.S. Citizenship Required 






















For immediate consideration, forward your 
resume and salary requirements to: 
E. G. Duran 
Bell Helicopter Textron Inc. 
Dept. EDN-6 
P. O. Box 482 
Fort Worth, TX 76101 







The future is ours by design. 


Bell Helicopter{>.a.¢)] 


A Subsidiary of Textron Inc. 






an equal opportunity employer m fh v 
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We Need Some Sharp People 
At The Cutting Edge of Fiber Optics 


SIECOR CORPORATION, a leader in the state of the art development of test equipment for fiber optic 
communications, has immediate openings for: 

Supervisor, Electronic Development and Engineering: responsible for 
directing and supervising the product development and engineering effort of the Electronic Product 
Development and Engineering Group. The ideal candidate will have a minimum of a BS electrical 
engineering and additional graduate work in electronics and optics or equivalent: analog design 
experience to include RF design and instrumentation: proven performance of Supervisory and 
managerial skills with emphasis on planning, scheduling, communication, project tracking: and, 
conceptualizing a product based on set of requirements. 

Electronic Design Engineer: involved in the design and development of electronic test 
equipment for fiber optic applications; analysis of electronic circuits: and, interface with manufactur- 
ing and marketing of the equipment. The ideal candidate will have a minimum of a BS of electrical 
engineering or equivalent; and, two years experience with RF design: pulsed circuits: electro-optical 
sources and detectors; and, low noise electronics. 


Siecor Corporation, based in Hickory, North Carolina, is located in the foothills of the Blue Ridge 
Mountains on Lake Hickory. The area is known for offering a quality lifestyle with opportunities 
meeting the interests of all. Siecor has an excellent compensation, benefit and relocation package. 


Please send resume and salary Penny A. Church 
requirements in confidence, to: Recruiting Manager 
Siecor Corporation 


489 Siecor Park 


Siecor is an EEOQ/AAP employer. Hickory, NC 28603 


Digital Communication 
Design Engineers 


The Communication Systems Laboratory of 
Fortune-100 Raytheon’s Equipment Develop- 
ment Laboratories is expanding rapidly with 
major, long-term programs including USAF 
MILSTAR Satellite Terminals, the next genera- 
tion IFF Combat Identification Systems, and 
advanced modem processors for communi- 
cation and various transmission media and 
modes. The following opportunities, located 
at our modern suburban Boston facilities, 
offer the state-of-the-art in satellite, tactical 
and strategic communications. 


Digital Subsystems 


Design digital subsystems using both hardware and firm- 
ware. Includes the design of a variety of functions, such as 
embedded microprocessors, error correcting coding, fre- 
quency synthesizers, digital signal processors and track- 
ing loops. Minimum of 3 years related experience required. 


Digital Circuit Card Assemblies 


Involves sophisticated signal processing that operates on 
baseband data for interleaving, encoding, multiplexing 
and modulation. Essential to have digital logic design 
experience using MSI TTL devices. Requires a minimum 
of 6 years of digital design experience. 


Please forward resume to Paul N. Riley, 
Employment Department, Raytheon Company, 
Metropolitan Corporate Center #4, Mariboro, 
MA 01752. U.S. Citizenship required. An equal 
opportunity employer. 


Raytheon 
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THE PEOPLE BEHIND 
MISSILE TECHNOLOGY 





The people at Hughes Missile Systems in Tucson are design- 
ing the most sophisticated missile systems. Their dedication 
and talent have resulted in many new advancements and re- 
stated the Hughes commitment to excellence. 


You can join these highly qualified engineering professionals 
and enjoy the unique lifestyle that Arizona has to offer. We cur- 
rently seek engineers for challenging positions in the follow- 
ing areas: 

e Test Equipment Design 

* Electronic Circuit Design (Digital/Analog/Hybrid) 

e RF/Microwave Design 

e Optical Design 

e Software Design 

e Guidance Subsystem Design/Integration 

e Missile Systems Test and Analysis 

¢ Components and Materials 

e Quality Assurance 

e Reliability 

e Environmental Test Design 

e Hybrid Process Design 

To qualify for these assignments you must have a BS or MS 


in Electrical Engineering, EET, Optics, Physics, Computer 
Science, Chemical Engineering, or Mechanical Engineering. 


Hughes offers a competitive salary and a comprehensive 
benefits package that includes medical, dental, and vision-care 
coverage for you and your eligible dependents. We also pro- 
vide our employees with a tax-deferred savings plan. 


To reach our Professional Employment staff call toll-free to 
(800) 528-4927 or send your resume to: Hughes Missile 
Systems, Professional Employment, ‘Dept. NDE-1, PO. Box 
11337, Tucson, AZ 85734. Proof of U.S. Citizenship Required. 
Equal Opportunity Employer. 


HUGHES 





AIRCRAFT COMPANY 





MISSILE SYSTEMS/ 
TUCSON 
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OOF TWARE 
EXPERTISE 
CHALLENGE 


Develop and enhance some of the most 
sophisticated operational signal 
intelligence processing systems in the 
world! Develop them here and install ’em 
“Over There.” 


If you have 2 or more years of meaningful 
ADP experience and a familiarity with 
micros, FORTRAN, UNIX or “C’”, 
HRB-Singer, Inc. in Lanham, Maryland 
will challenge your talents and reward 
your efforts. 








Going in, U.S. citizenship is required and 
you may be required to undergo a special 
background investigation; coming out, 
you will be an integral part of the 
HRB-Singer team of experts, working in 
the Lanham or BWI Airport area on 
tomorrow’s electronic technologies. 


We are currently seeking expertise in one 
or more of the following areas: 


HARDWARE: 
PDP-11, INTEL 8086, IBM PC, SEL-32 


LANGUAGES: 
FORTRAN, PASCAL, PL-1, “C” 
& Assembly 


SYSTEMS: 
UNIX, RSX-11, IRMX 


Openings exist for Engineers, Scientists, 
Programmers, Operators, Tech Editors/ 
Writers and Software QA Specialists. 


Lanham, Maryland is ideally located to 
give you many advantages: proximity to 
varied cultural, educational and 
entertainment activities of Washington, 
D.C. and the recreational diversions 
provided by the beautiful Chesapeake Bay. 


Please send your résumé or letter of 
introduction in confidence to: 
Professional Staffing, HRB-Singer, Inc. 
9900 George Palmer Highway, 
Department 222, Lanham, MD 20706. 
An Equal Opportunity Employer M/F/H/V. 


SINGER 


HRB-SINGER, INC. 
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Take command. 
Take control. 
And take credit. 


At the LSI Astronics Division, you’ll have the 
opportunity. Our controlling presence in the automatic 
flight equipment industry means you’ll have the 
chance to help determine how the future will fly. 
While at the same time working on some of the most 
sophisticated technologies of the day, like Advanced 
Avionics and Flight Control Systems, Remotely 
Piloted Vehicles, and more. Current openings 

exist for: 


SR. AVIONICS SYSTEMS ENGINEER 

Requires BS in Engineering, CS, Math or Physics and 
8+ years design experience with digital architecture 
and/or flight control systems. Must be familiar with: 
microprocessor applications, redundant systems, 
hardware and software systems level design, 
integration and test, control system analysis, 
interpretation of flight test results, and control 

law definition and testing. 





REAL-TIME SOFTWARE ENGINEER 

Requires BS in EE, CS or Math and 8+ years in 
avionics software, including Minicomputer/Micro- 
processor Systems, Real-time and Assembly/higher 
languages for military applications. 


ELECTRONIC CIRCUIT DESIGN ENGINEERS 
Requires BSEE and 5+ years in either: analog circuit 
design OR digital design including microprocessor 
applications. 


SYSTEMS ANALYSTS/FLIGHT CONTROL 
Requires BS in Engineering (Aerospace or Electrical); 
MS/PhD in Control Systems preferred. Strong 
analytical background with 8 years in flight control 
systems analysis, design and simulation essential. 


LSI Astronics offers competitive compensation, an 
attractive Southern California location, and, if needed, 
professional relocation consultation. Send resume and 
salary history to: Chuck Doyle, Dept. C46, Lear 
Siegler Astronics Division, 3400 Airport Ave., Santa 
Monica, CA 90406. (213) 452-6745. Equal Opportunity 
Employer/U.S. Citizenship Required. 


iS) LEAR SIEGLER, INC. 
® ASTRONICS DIVISION 





ENGINEERING 
(HW/SW) 







Top Producer in the largest personnel network system 
currently has openings for ALL Engineering and com- 
puter professionals. Over 200 offices through the U.S. 
and Canada. All fees, interview and relocation expenses 
are borne by our client companies. Please call or submit 
your resume to: 


RIKER PERSONNEL 
8790 Purdue Road, Suite E 


Indianapolis, IN 46268 
(317) 875-9911 
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MEET 35 EMPLOYERS 





NOW INTERVIEWING 
SALARIES $25,000 to $75,000 

New York Chicago Philadelphia 
Los Angeles Huntsville St. Louis 
Washington, D.C. Boston Cincinnati 
Orlando Dallas Phoenix 
Cleveland Atlanta Minneapolis 
San Jose Orange County Denver 
Aerospace Engineer Data Processing 
Electrical Engineers Software Design 
Electronics Engineers Programmers 

Microprocessors Systems Analysts 

Semi Conductors Industrial Sales 

Communications Plant Engineers 
Industrial Engineers Chemical Engineers 
Mechanical Engineers Executives 


At an Opportunity Center, you have a unique opportunity to meet representatives of top 
firms in private interviewing sessions all in a single day or evening. When you apply, 
your resume, minus your name, is reviewed by representatives of Opportunity Center 
sponsoring firms. You are notified as to which firms would like to meet you. PRIVATE 
INTERVIEWS CONDUCTED IN COMPLETE CONFIDENCE. 


COMPANIES WHO HAVE ATTENDED: 


Analysts International Grumman National Research Lab 
Arinc GTE Labs Northrop Corp. 
Bendix Hamilton Standard Raytheon 

Boeing Harris Electronic CA 

Burroughs Corp. Hughes Aircraft Rockwell International 
Calspan IBM SCM Corp. 
Cumbustion Science Corp. ITT Teledyne 

Data Terminal Lear Siegler Texas Instruments 
E-Systems, Inc. Litton Industries TRW 

Emerson Electric Lockhead United Technology 
Fairchild Republic LTV Wang Labs 

FMC Magnavox Westinghouse 
General Dynamics Martin Marietta Xerox Corporation 
General Electric NCR Mitre Corp. 


MAIL ai =to10)\"/| =a LO) B).\ Ga @. 


 A_. OPPORTUNITY CENTER 


265 S. Main St. Akron, OH 44308 
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EDN Databank 


Professional Profile 
Announcing a new placement service for professional engineers! 


To help you advance your career. Placement e The computer never forgets. When your e Your background and career objectives 
Services, Ltd. has formed the EDN Databank. type of job comes up, it remembers you're will periodically be reviewed with you by 
What is the Databank? It is a computerized qualified. a PSL professional placement person. 
system of matching qualified candidates with e Service is nationwide. You'll be We hope you're happy in your current posi- 
positions that meet the applicant's professional considered for openings across the U.S. tion. At the same time, chances are there is an 
at and eae What are the advantages of by PSL and it’s affiliated offices. ideal job you'd prefer if you knew about it 
this new service e Your identity is protected. Your resume That's why it makes sense for you to register 
e It’s absolutely free. There are no fees or is carefully screened to be sure it will not with the EDN Databank. To do so, just mail the 


charges. be sent to your company or parent completed form below, along with a copy of 
organization. your resume, to: Placement Services, Ltd., Inc. 


IDENTITY PRESENT OR MOST RECENT EMPLOYER 


REN i tee | PRUNE COIN ann 
Home Address: “Your division or subsidiary: 

City State: Zip:__ = =—=s———CtséLocttiorn (Citty,, State) 

Home Phone (include areacode): = = = = CCCCCC*é@BsSiN@'S'S PlhcOO|NN Gf O..K. to USC: 


EDUCATION 
— Rees 
Pontes | 
eS 


O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
. 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 


Year Degree College or University 
Earned 


EX P E R E N C E Aocoarrosiion From: To: Title: 


Duties and Accomplishments: Industry of Current Employer: 

















Reason for Change: 





PREVIOUS POSITION: 


Job Title: 
CIRPHOVOt ee rm: 





NOS oes ts CI: ee ee Siete: 
EIVISION 3 Ape OF industry: 2242 ee a ss Salary: 





Duties and Accomplishments: 


COMPENSATION/PERSONAL INFORMATION 


Date Available i Will Travel 
O) Light () Moderate C) Heavy 





CL) lownmy home. How long?__________ | rent my home/apt. 0 


CL) Employed C) Self-Employed (1) Unemployed CL) Married CJ Single Height_____ Weight 


bs =O My identity may be released to: (1 Any employer 
Level =. -U.S. 
evel of Security Clearance C) U.S. Citizen | O Non-U.S. Citizen C Allbut present employer 


CL) WILL RELOCATE L] WILL NOT RELOCATE J OTHER 


EDN Databank 


A DIVISION OF PLACEMENT SERVICES LTD., INC. 


265 S. Main Street, Akron, OH 44308 216/762-0279 


ee O sOe “Oe Or O. 8 OO Oo One) OO: Oo Oo Oo tok (Oo O. - Oo ae 
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How to enrich your high-speed, 
low-gain vocabulary in 30 seconds or less. 


Once you've gleaned the meaning of Buff-Amp™ 
you'll know how to get the best features of high-speed 
op amps and high-performance buffers. From a 
single device! 

With Buff-Amp™ you get gains from +1 to+5 with- 
out sacrificing the 165MHz -3dB bandwidth. Linearity 
that is a true 01%, even with demanding 50 ohm loads. 
A 1mvV input offset and 10uV/°C drift. Plus freedom 
from oscillation across the entire gain range...without 
compensation. 

There's nothing academic about the specs of 
Buff-Amp™ in real-world operation at the system 
level. You can be sure of a 95MHz full power bana- 
width. A 15ns settling time to 0.05%. A100mA output 


current. A 3000V/wus slew rate. A 2.0ns rise time. 
And, in many designs, the ability to operate on +5V 
and SmA—just 5O0mW of power. That’s unabridged 
performance in anyone’s book! 

Buff-Amp™ is the astute choice for tasks such 
as driving flash A/Ds or matched lines, or buffering 
current-output DACs, in EW, ATE, and other 
applications. 

Now that you've taken 30 seconds to en- 
rich your high-speed, low-gain vocabu- 
lary, take a few more and call or write 
us for complete literature. Comlinear 
Corporation, P.O. Box 20600, Fort 
Collins, CO 80522, (303) 226-0500. 








(~] Comlinear 
WW} Corporation 


© 1985, Comlinear Corporation 
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Growth in LAN use is key to 
improved plant productivity 
Managers in the US manufacturing 
community are increasingly looking 
to local-area networks as essential 
elements of the attempt to improve 
manufacturing productivity and the 
quality of products. According to 
Venture Development Corp, the full 
benefits of automation can only be 
realized when automated processes 
are integrated and all manufactur- 
ing information can be shared. With 
this in mind, 50% of respondents to 
a VDC survey indicated that they 
plan to install LANs in their manu- 
facturing facilities by 1990. 

Almost three-quarters of the re- 
spondents prefer an industry stan- 
dard in plant communication sys- 
tems. They noted that, though 
integration is necessary, current 
communication methods are expen- 
sive, and additional costs are in- 
curred when new systems are in- 
stalled and rendered compatible 
with the existing communication 
system. Custom hardware and soft- 
ware interfaces, introduced by ven- 
dors interested in establishing their 
own proprietary communication 
techniques, are also costly. Commu- 
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nication standards would help hold 
down the costs of plant integration. 

The majority of LANs installed to 
date transmit data at speeds of less 
than 2M bps, says VDC. Respon- 
dents to the survey indicate, howev- 
er, that higher transmission speeds 
—perhaps even to 20M bps—will 
definitely be needed. Users current- 
ly connect approximately 50 to 100 
devices in their networks. The re- 
quired number of network nodes 
should increase over the next five 
years. 

Respondents also reported that 
their technology and architecture 
choices will change. Currently, 
users prefer to connect nodes via 
proven coaxial cable, but they ex- 
pect fiber-optic systems to over- 
come their current technological 
limitations. Fiber-optic systems will 
readily handle the broad system 
bandwidths that future LANs hope 
to attain. Also, today’s networks— 
particularly those that manage 
some subset of a plant’s operation— 
typically use a bus structure. Fu- 
ture networks will integrate plant 
operations by connecting several 
buses, or subnetworks, in a grid- 
like architecture. 


SUBNETWORK 
NOW FUTURE 


BASEBAND 


BASEBAND 


10M BPS 
R HIGHE 





Color-graphics CRTs gain 

on monochrome, but slowly 
In the market for raster-scan CRT 
graphics terminals, the improving 
resolutions and falling prices of col- 
or-graphics units are giving them 
the edge in user demand. In 1984, 
61.4% of all graphics CRTs shipped 
were multicolor devices, reports the 
market-research company Venture 
Development Corp (Natick, MA). 
The market share of the multicolor 
segment will grow steadily through 
the remainder of the decade and will 
reach 79.5% by 1990. Even so, mon- 
ochrome-graphics CRTs will remain 
popular for many uses and will re- 
tain a significant market share. 

In spite of the growth of color- 
graphics capability in the last five 
years, monochrome-graphics CRTs 
are still in widespread use in instal- 
lations with large numbers of termi- 
nals. In such installations, a central 
multicolor terminal or a color-out- 
put peripheral serves users’ needs 
for multicolor display. Monochrome 
graphics are popular in previewing 
applications, where the use of color 
is not normally justified. In addi- 
tion, for many scientific and techni- 
cal applications monochrome dis- 
plays are sufficient to provide the 
information needed. Many graphs 
and high-resolution plots, quick 
scans of data, and strictly numerical 
results don’t exercise the full poten- 
tial of multicolor CRTs. 

The fastest growing application 
for monochrome-graphics CRTs will 
be in education; the number of mon- 
ochrome terminals in such environ- 
ments will grow at a 25% rate, from 
6800 installed units in 1984 to 26,400 
installed units by 1990. Use of mono- 
chrome CRTs will also grow rapidly 
in simulation and process control. 

Process control is also a popular 
application area—the most popular, 
in fact—for color-graphics CRTs. 
Business graphics, CAD/CAM, and 
other engineering applications will 
also help sustain the growth in use 
of multicolor graphics terminals. 
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LCR-745G automates 


your LCR measurements. 

Leader's LCR-745G auto-ranging, 
digital LCR Bridge tests components, 
sub-assemblies and systems 
completely automatically. Since it 
interfaces with standard GPIB 
systems, just plug it into your 
network and all functions operate 
under computer control. Compatible 
with virtually all test systems, the 
LCR-745G is a “listener/talker’ that 
receives directions from your 
controller and supplies it with all the 
data needed to collect, record and 
analyze measurements. 


Fast, easy-to-use and 


affordable. 

The 745G is one of the least 
expensive automatic bridges with 
GPIB capability. Yet it is ideal 
for applications where ease of 
operation and high throughput are 
necessary. No wasting time on 
repetitive set-ups. The LCR-745G 
provides automatic resistance, 
capacitance and inductance 
measurements of both series and 
parallel circuits with Quality (Q) 
or Dissipation factor (D) displayed 
simultaneously. 


Circle 40 for Product Information 


affordable 


way to- 
bridge the 


LCR/GPIB 


Sap. 


in grrr accuracy 
and performance. 

Even minute residual resistance, 
capacitance or inductance of the 
test leads won’t be tolerated by the 
LCR-745G. Leader's offset function 
compensates for test lead error, 
normalizes the value of a 
component under test to zero, or 
references it to a standard. Two test 
frequencies permit highly accurate 
measurements, including those of 
usually hard-to-test electrolytic 
capacitors. 


Brains and brawn. 
Leader's 745G is built“tough’ to 
withstand 3-shift production and 









rough use. It is backed by the 
Leader two-year warranty and coast- 
to-coast factory service. 

Shop. Compare. You may discover 
Leader's 745G is not only the 
affordable way to bridge the LCR 
GPIB gap; it is the best way. 


all toll-free 


C 
(800) 645-5104 
(516) 231-6900 
Request an evaluation unit, our 
latest test equipment catalog, the 


name of your nearest “Select” 
distributor, or additional information. 


For professionals 


who 
know 
the 


difference. 


380 Oser Avenue 
Hauppauge, New York 11788 
Regional Offices: 
Chicago, Dallas, Atlanta, 
Los Angeles, Boston. 

In Canada call Omnitronix Ltd. 
(514) 337-9500 


Circle 1 for Product Demonstration 
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SELECT ANY DEVICE AND THE 29B 
CAN PROGRAM IT. Universal device 
support from Data I/O means the 
freedom to choose the right device 
for your design. With algorithms for 
1200 devices, Data |/O’s 29B Univer- 
sal Programming System supports 
virtually every device available today. 
And even though the semiconductor 
manufacturers have introduced new 
devices daily, the 29B’s flexible archi- 
tecture has kept pace. 

So, whether you select an EPROM, 
a logic device or a microcontroller, the 
part is dictated by your design, not 
your programmer. That's what you 
should expect from a universal pro- 
grammer. And that’s why the 29B is 
the industry standard. 


TO CHOOSE FROM. 


MANUFACTURER-APPROVED 
ALGORITHMS FOR RELIABILITY. 
Universal device support is only 

part of our story. With manufacturer- 
approved algorithms, the 29B is also 
dedicated to programming devices 
accurately. So, whether you operate 
the 29B from a personal computer, ter- 
minal or your company’s mainframe, it 
delivers reliable, trouble-free program- 
ming and maximum yields every time. 


WINNERS CHOOSE LEADERS. When 
successful companies need universal 
programming support, they turn to 
Data I/O. For the past 18 years, we've 
maintained a steady commitment to 
Support every device. And we can 
prove It—1200 ways. 


SEND FOR A DATA I/O WALL CHART 
or DISKETTE. Today the 29B supports 
1200 devices. Tomorrow it will support 


DATA !/O Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 881-6444/Telex 15-2167 
FutureNet Corporation 9310 Topanga Canyon Boulevard, Chatsworth, CA 91311-5728 (818) 700-0691/ Telex 910-494-2681 
DATA I/O Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands (20) 622866/Telex 16616 DATIO NL 


DATA 1!/O Germany Bahnhofstrasse 3, D-6453 Seligenstadt, Federal Repub! 
DATA I/O Japan Ginza Orient Building, 6F, 8-19-13, Ginza Chuo-ku, Tokyo 10. 


c of Germany (6182) 3088/Telex 4184962 DATA D 
4, Japan (03) 574-0211/ Telex 2522685 DATAIO J 
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even more. To make sure you have the 
latest listing of device support, com- 
plete this coupon and indicate whether 
you prefer a wall chart or diskette. 
Enclose $2.00 for postage and 
handling. at 


SEND TO: \ 
Data |/O Corporation 
Attn: Marketing 
Communications 
10525 Willows Rd. N.E. 
P.O. Box 97046 - 
~ EDN 1/23 
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i (] Wall Chart CI Diskette 
1 (MS-DOS compatible) ¢ 





